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PREFACE 2s 


Тһе primary purpose of this publication is to provide tables for 
the construction of polyconie projections of topographic maps of 
standard quadrangles without any interpolation. Bulletin 650, 
* Geographie tables and formulas," gives many of the data needed, 
but the projection tables in that bulletin are incomplete, and many 
of them require difficult interpolation. The tables given herewith 
have been prepared with arguments for each meridian and parallel 
represented on maps of standard quadrangles, and the data are 
given in inches for each of the standard field scales employed by the 
Geological Survey. Tables in the same form have also been prepared 
for the two scales on which most of the quadrangle maps of the 
Geological Survey are published in final form—1:62,500, 1:125,000— 
and also for the scales 1:63,360, 1:20,000, 1:12,000, and 1:10,000. 
On account of lack of funds for printing, these tables have not been 
included in this publication, but it is hoped that they can be published 
at a later date. 

A secondary purpose is to present in one publication all of the 
theory of the polyconic projection, with the formulas developed in 
detail and their use so explained that the engineer or cartographer 
with only an average knowledge of mathematics can understand and 
use them. Complete instructions are given for making polyconic 
projections of standard quadrangles by means of these tables. 

The theory of the modified polyconie projection of the interna- 
tional map of the world is also explained, and tables for its construc- 
tion are given with the data in meters on the natural scale ag well as 
in inches on the scale of 1 : 1,000,000. For the first time these data 
have been computed for each degree of latitude. 

The tables have been computed by members of the computing sec- 
tion of the United States Geological Survey, under the supervision 
of George T. Hawkins. The authoris indebted to David Н. Baldwin 
and Edward Үү. Tibbott, of the Geological Survey, and to Oscar 
Adams, of the United States Coast and Geodetic Survey, for val- 
uable advice and critical review. Notices of errors and suggestions 
for improvement of the material are invited. 

C. Н. Brrpsryn, 
Chief Topographie Engineer. 
VÉ 


FORMULAS AND TABLES FOR THE: CONSTRUCTION 
OF POLYOONIO PROJECTIONS. 


Compiled by C. Н. BIRDSEYE 


GENERAL CONSIDERATIONS 


Choice of a projection.—1n mapping large areas the engineer is 
confronted with the problem of representing accurately on the plane 
surface of a map the details that exist on the earth's spherical surface. 
As it is impossible to do this exactly, he must resort to the use of some 
convention that will represent the earth’s surface with the least dis- 
tortion, The systematic drawing on a plane surface of lines that 
represent reference lines on the spherical surface of the earth is 
called a map projection. There are many systems of projection, 
each of which fulfills certain desirable conditions but none of which 
is ideal. The choice of the proper projection to use for a certain 
map is not always easy but depends largely on the extent of the area 
to be represented and on the use to which the map will be put. The 
best treatise on map projection published in English is United States 
Coast and Geodetic Survey Special Publication 68, “Elements of 
map projection.” 

Advantages and disadvantages of the polyconic projection—The 
topographic engineer needs a projection which is simple in construc- 
tion, which can be used to represent small areas on any part of the 
globe, and which, for each small area to which it is applied, preserves 
shapes, areas, distances, and azimuths in their true relation to the 
surface of the earth. For areas of small extent the polyconie pro- 
jection meets all these needs, and it was adopted for the standard 
topographic map of the United States, in which the 1° quadrangle 
is the largest unit and the 15’ quadrangle is the average unit. Misuse 
of this projection in attempts to spread it over large areas—that is, 
to construct а single map of a large area—has developed serious errors 
and gross exaggeration of details. For example, the polyconie pro- 
jection is not at all suitable for a single-sheet map of the United States 
or of a large State, although it has been so employed. Its greatest 
advantage lies in the facts that it has been computed for all latitudes 
of the entire spheroid and that it represents а small area on any part 
of the earth's surface just as well as one on any other part. 
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2 


FORMULAS FOR CONSTRUCTION OF POLYCONIC PROJECTIONS 


Characteristics of the роїусотіс projection.—The polyconie projec- 
tion takes its name from the fact that it is based on the development 
of a large number of cones each conceived to be tangent to the sphe- 
roid at a parallel of latitude to be represented on the map. It has 
been computed for every minute of latitude from 0? to 90?, and exist- 
ing tables make its construction very easy. lt was devised by 
Ferdinand Hassler, the first superintendent of the United States 
Coast and Geodetic Survey, and has been computed by that bureau. 
The theory of the projection and tables for its construction are given 
in Coast and Geodetic Survey Special Publications 57 and 5. 

In this projection а central meridian is drawn as a straight line, 
and the intersections of the parallels are spaced true to scale along 
this central meridian. Each parallel is then laid down separately 
by means of a cone whose base is tangent to the earth's surface at 
that parallel, with the vertex of the developed cone on the extension 
of the central meridian. 'The arcs of the parallels thus drawn are 
subdivided to true scale, and the meridians are drawn through 
these subdivisions. As a result the central meridian is shown as & 
straight line, and theoretically all other meridians are shown as 
curves. As the meridians and parallels nowhere intersect at right 
angles, except along the central meridian, and as all the other merid- 
ians are drawn as curves concave toward the central meridian, 
it is theoretically impossible to fit together in a row, east and west, 
two maps each of which is developed on its own central meridian, 
as their joining edges are curved in opposite directions. However, 
in practice and within certain limits this theoretical condition does 
not exist. lt is impossible for a draftsman or an engraver to draw 
the limiting meridians of a 1? or smaller quadrangle within the 
latitudinal limits of the United States other than as straight lines. 
Moreover, as the projection is extended from the central meridian 
the length of the meridians is theoretically increased, but even in 
latitude 60? the difference in length between the line representing the 
limiting meridian of a 1? quadrangle and the line representing the cen- 
tral meridian is too small to be plotted, and the lengths of all the 
meridians on a projection of 1? or smaller may be assumed to be 
{һе вате. Therefore, a row of maps east and west will join perfectly, 
although as the north edge of each map is shorter than the south 
edge the row will form a curve. A tier of maps north and south will 
also join with sufficient accuracy. Theoretically, there will be small 
gores between the edges of each east-west row of maps and the next 
row to the north or south, but in actual practice the distortion of map 
paper due to changes in atmospheric conditions is greater than the 
error of joining, so that by slightly stretching the outer tiers a moder- 
ate number of maps—say five or six each way—can be joined with 
approximately perfect accuracy. Seldom, if ever, will a map user 
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wish to join more than five or six quadrangle maps in any direction. 
The limits in the size of tables or wall space make further extension 
impracticable, and therefore the theoretical weaknesses of this 
projection can be ignored so far as maps of small quadrangles are 
concerned. | 


THEORY OF THE AMERICAN POLYCONIC PROJECTION 


Clarke's spheroid.—The data in the following tables for the polyconic 
projeetion of maps are based on the dimensions of the spheroid 
determined by Col. A. R. Clarke, R. E., in 1866, as expressed by 
Clarke in meters but not as expressed by him in feet. Although the 
International Geophysical Union has adopted the Hayford spheroid 
as the most exactly determined representation of the size and shape 
of the earth, and the dimensions of the Hayford spheroid are now used 
in geophysical research, still the Clarke spheroid represents very 
closely the true size and shape of the earth, and most of the existing 
tables for the projection of maps are based on it. In the following 
tables the data are merely converted from measurements on the 
spheroid in meters, given in United States Coast and Geodetic Survey 
Special Publication 5, to inches on the several map scales employed 
by the United States Geological Survey. Some interpolation has 
been required in order to provide data for arguments for use in the 
construction of standard projections of 714’ and 15’ quadrangles, 
such as latitude and longitude intervals of 114’, 214’, 334’, and 714’. 
Interpolation has also been employed in the conversion of the data, 
which may have resulted in errors of 0.001 inch in the tables, but 
one one-thousandth of an inch can not be plotted. 

Tables are given for all the standard field scales employed by the 
Geological Survey for latitudes 0° to 51? or more. As the computa- 
tion of special projections may be required, the fundamental formulas 
and demonstrations of their development are given with instructions 
for their use. The nomenclature employed in the formulas given in 
different publieations on this subject differs, and in some demon- 
strations of the development of the formulas there may be some doubt 
as to the meaning of the symbols employed and some confusion in the 
use of mathematical expressions, such as an аге expressed in terms 
of the radius, An attempt has therefore been made to explain fully 
the meaning of each symbol or expression and to make the demonstra- 
tions and the instructions as to the use of the formulas so clear that & 
cartographer with only average knowledge of mathematics can follow 
them. In these demonstrations the following publications have been 
consulted freely and to some extent are quoted verbatim: United 
States Coast and Geodetie Survey Special Publications 5 and 57, 
Smithsonian Geographie Tables, and United States Geological Sur- 
vey Bulletins 50 and 650. 
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Clarke expressed the dimensions of the spheroid in meters and also 
in English feet. According to him 1 meter—39.370432 inches= 
3.28086933 feet. The Smithsonian Geographie Tables and United 
States Geological Survey Bulletin 50, both prepared by R. S. Wood- 
ward, depend on the Clarke spheroid as expressed by him in feet. 
Some of the tables given in United States Geologieal Survey Bulletin 
650 are extracts from the Smithsonian Geographic Tables and some 
are extracts from the United States Coast and Geodetic Survey 
fables. The polyconie projection tables computed by the United 
States Coast and Geodetic Survey depend on the dimensions of the 
spheroid as expressed by Clarke in meters, and the tables given herein 
depend on these dimensions and on the legal value in the United 
States of 1 meter = 39.37 inches = 3.28083333 feet. This figure does 
not express the absolutely correct relation between the international 
meter and the inch, but it is close enough for all practical purposes of 
map projection. Therefore, in order to reduce the dimensions of the 
spheroid as given by Clarke and Woodward in feet, and any tables of 
length based thereon, to corresponding values given in the United 
States Coast and Geodetic Survey Tables and those in this publica- 
39. 37 


39.370432 ^ 0.99998903 
27. о D 


tion, it is necessary to multiply by the fraction 


(log. 9.99999523-10). 

Constants of the generating ellipse.—The constants of the generating 
ellipse of a spheroid for which values are required in the computation 
of projection tables are defined as follows: 

а —semimajor axis. 

b —semiminor axis. 

e — eccentricity. 
a— b = У1— е? 
arb, 1+ 41е? 


raft 


The values of these constants with their logarithms for the Clarke 
spheroid of 1866 expressed in meters as used in computing the tables 
in this publication are: 


a =6,378,206.4 meters. log a =6.8046985690. 
b =6,356,583.8 meters. log b =6.8032237768. 
? = ().0067686580. log e? =7.8305025710-10. 
n —0.0016979157. log n —7.2299161198—-10. 


Radii of eurvature.—The principal radii of curvature of an ellipsoid 
(see fig. 1) are 

pm = the radius of curvature of a meridional section. 

рь = ће radius of curvature of a section normal to the meridian. 

Both are constant for a given latitude, but for precise computations 
infinitely small sections of the cireumference of the meridional ellipse 
must be considered, because meridional ares cover a range of latitude, 
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and therefore p, must be evaluated for infinitely small changes in 
latitude. 

In Figure 1, le& APP'D represent а quadrant of the generating 
ellipse; AQQ’B, a quadrant of the circumscribed circle; EFF'D, a 
quadrant of the inscribed circle; P and P’, two contiguous points on 
the ellipse at the ends of the infinitely small are ds; PK and P'K 
(= рь), the normals at Р and P’, or the radius of curvature of the 
infinitely small meridional are ds; PK’ (= pn), the radius of curvature 
of a section normal to the meridian; OA (—2), the semimajor axis; 
OD (=b), the semiminor axis; the angle XRP = ¢, the latitude of the 
point P; and the angle XOQ — y, the geocentric latitude of the point P. 


FIGURE 1.— Elements of generating ellipse 


Expressing the coordinates of the point P in parametric form, we 
have 
x=a cos y 


y=b sin y 


As the point moves from P to P’ the small changes in x and y are 
РЕ (= —dx) апа FP’ (—dy), respectively. If the two equations аге 
differentiated, V being regarded as а variable angle and x and y as 
functions of y, then 


dx=—a sin y dy 
dy= b cos у dy 


The triangles RPE and PP’F are similar and the angle PP'F = angle 
РКЕ = ¢, therefore 

— dx 

dy ` 


tan $— 
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Substituting the values of dx and dy, we have 


&siny a 


wp SU. b 


tan y 
or 
b 
tan y tan ф 


The eccentricity of the ellipse, represented by e, is defined by the 
equation 


, a?—b b? 
е? = — ب‎ 
а? а? 
ог 
b? 
;71l—e 
а? 
апа 
Ь 
— 42562 
a 


Substituting this value, we have 


tan y —41— e? tan ¢ 


but 
А {ап tan /1—e tan 
sin ¥= tan y cos y ———- Ў =—=== Ж = и ы ШЕ = 
» весу  1--tan?y l--tan?$—e?tan?$ 
-a sin ¢ y1— e sin ¢ 3 
۷ ` COS ¢ соз ¢ E E e? sin ф 
14 sin? ¢ „віп? ¢ cos '$--sin?'$—e'sin'ó 1 —е? віп? ¢ 
T рну С X D x 
cos? ф cos? ф cos ф 
and 
sin 1 1 
cos y= LE — Sy, POR Е == 3 Ee 
tany 41-бап y 1+ tan? фе? tan’ ¢ 
1 M 1 _ cos ф 
/ sin? ¢ „віп? ¢ cos p+ sin ¢—e*sin®?d y1—e sin? ¢ 


r П е 2 
\ cos” ф сов” ¢ соз Фф 


Using the fundamental differential formula d tan x=sec® x dx, we 
have 


sec? y dy = d tan y 
Substituting the value of tan y and differentiating, we have 


sec? y dy = 41— е? sec? ¢ аф 
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cos ф 4A —е?вес?ф 1 _ 


1—e*sin* ¢ 


dy ey = 1 —е? sec? ¢ d cos? y= 


41—e аф 
1—e* sin? ф 


Let ds denote the infinitely small meridional аге PP’ of the generating 
ellipse; рь = PK, the radius of curvature of the small arc; and dọ 
the angle PKP’, expressed in circular measure, through which the 
end of the radius moves in generating the small arc. Then considering 
the infinitely small arc of the ellipse as an arc of a circle and using 
the relation arc —radius times generating angle, we get 


Pm d$ — ds. 
But 


ds — A dx? 4- dy? = a? sin? y+ b? cos? y dy = 


a? sin? y + a?(1 — e cos y dy = a ysin? y + cos? y — e? cos? y dy= 
y 


a у 1— e? cos? y dy 


also 
= at сов? > \ 1— e? sin? 6 "cos! ф _ 
(1-e cos y = ye — e? sin? 55)" " 1— e? sin? ф Ur 
NE — e (віп? ф + сов? $) de 41—e? 
1 — e? sin? ¢ J41— e? sin? ф 
and 
=g 1—e'd$ 
dpe 5 sin” ф 
therefore 
—— ,—,‚ E e’) do 
y1-e сов? y dy — (1— е? sin? 19)! 
and 
Mutuel —e) ) dé 
ds= (1—е? sin? $) 
but 
_ds 
Pm dó 
therefore 
a le) ло, 5 ОНИН Ш 


Рат (1— e? sin? ф)? 


If we pass a plane through any point P on the ellipsoid, parallel 
to the equatorial plane of the ellipsoid, this plane intersects the 
ellipsoid in a circle which represents the parallel at the point P, and 
the normals to the surface of the ellipsoid at every point on this 
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parallel circle intersect in a point K^ on the minor axis of the ellipsoid. 
If we pass a plane through the normals of any two contiguous points 
on the parallel circle and then let these normals approach each other 
until they coincide, we obtain a plane tangent to the given parallel 
and perpendicular to the meridian at the point of tangency. "The 
radius of curvature in this plane corresponding to а small arc of the 
parallel is represented by PK’, because the normals of each point on 
the arc intersect at K’. . If we denote this radius by p, we have in 
the triangle PK'E/, 


x 
cos ф= — 
Pn 

Hence 
а сов ф 
A acosy +1—e'sin? ¢ а (I) 
Pn cos ф cos ¢ cos ф (1—e? sin? $) 77777 З 
Itis evident that p, is always greater than pm except when ф = + 90°; 


in that event p, рь. à; 

Logarithms of pm and p, in English feet are given in the Smithso- 
nian Geographie Tables for each minute from 0? to 90? and in Geo- 
logical Survey Bulletin 50 for each minute from 21? to 51?; to reduce 
these logarithms to logarithms of the radii expressed in American 
feet to correspond to the relation with the legal value of the meter 
in the United States, 47.7 in the last (7th) place must be subtracted. 
To reduce logarithms of American feet to logarithms of meters (United 
States legal value) the logarithm 9.48401583-10 should be added. 
Consequently the logarithms given in the Smithsonian Geographic 
Tables or in Geological Survey Bulletin 50 may be used for compu- 
tations of formulas and tables given in the present publication by 
adding the logarithm 9.48401106-10. 

However, in connection with geodetic computations the Coast and 
Geodetic Survey has adopted several factors based on the Clarke 
spheroid as expressed in meters (United States legal value), and it is 
more convenient to use two of these factors, log A and log B, than to 
use the values of pm and p, given in the Smithsonian Geographie 
Tables. The logarithms of these factors have been computed to the 
seventh place for each minute from 0° to 72° and are given in Geo- 
logical Survey Bulletin 650 and in Coast and Geodetic Survey Special 
Publication 8. These factors are 
(1— e? sin? ф)ї 


a are 1” 


(1 —e* віп? 4)! 
г &(1— e?) are 1^ 


Ё 


В 
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Introducing these factors into the formulas for pm and p, given above, 
we have 


1 

Ра Bare = ШІ 
1 

Pn кзз БЕТӘ а [ТУ] 


In these factors arc 1” is expressed in radians ' and is 0.0000048481368 
log are 1” —4.6855748668-10, which is the same as log sin 1’’ to the 
tenth decimal place. 

Meridional arcs.—The length of an arc of a circle equals the length 
of its radius times the length of the arc expressed in radians. If a 
very short section of a meridional ellipse is considered as an arc of а 
circle, the length of this short section can be found by the use of 
simple formulas with sufficient exactness for use in ordinary large- 
scale map projections. But if it is desired to find the length of a 
long are or to determine exactly the length of a short arc, it is neces- 
sary to take the summation of the lengths of the infinitely small arcs 
making up the are whose length is desired, by the process of inte- 
grating between the limiting parallels the variable lengths of the 
small ares corresponding to infinitely small uniform subdivisions of 
the difference of latitude. 

The length of a short meridional arc lying between two given paral- 
lels of latitude can be computed by the simple formulas given below, 
in which 

фу and ф are the latitudes, expressed in degrees, minutes, and 
seconds, of the ends of the arc. 


oa (hı ¢4) and is the mean latitude of the arc. 


Аф= $»— ¢, and is here taken as the length of the arc expressed in 
radians. 

Ad’ = ф— ф and is here taken as the length of the arc expressed in 
minutes. 

Are 1'—0.0002908882 radian, or the length of an arc of 1^ for a 
unit radius. 

AM is the required length of the arc, or the meridional distance 
expressed in meters. ‘Then, as the length of the arc equals the length 
of the radius times the are expressed in radians, 


AM =рьАф= pm are 1’ Ad’ 
But. 
^ 1 
Өш Baro 1^ 


1 A radian is an are of a circle equal to its radius and is a unit are in circular measure. Its value in degrees 


is m, which equals 57°,29577951 or 3437.746771 or 200264/.80625, 
Ж 
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therefore 
arc Аф” 60A9' 


AM arc ГЕ ~ Im аа [У] 


Log 60=1.7781513. Log B for the mean latitude ¢ is given for each 
minute of latitude in Table 28, Geological Survey Bulletin 650, and 
in Coast and Geodetic Survey Special Publication 8. "The approxi- 
mate formula for AM. should not be used for ares of the meridian 
longer than 1?. "The error will depend on the latitude but for 1? will 
be approximately + 0.8 meter, for 30’ about + 0.4 meter, for 15’ about 
+0.2 meter, and for 714’ about +0.1 meter. The latitude, the scale, 
and the size of the projection will control largely the selection of 
formulas. 

For the computation of the length of a long meridional are or the 
precise computation of a short arc, a formula must be used which will 
give the sum of the varying lengths corresponding to infinitely small 
subdivisions of the difference of latitude. In other words, the approxi- 
mate formula АМ =р„Аф must be integrated between the limits of 
the latitudes of the ends of the arc. The expression will be integrated 
first in general form between latitude 0° and any latitude ¢. 

@ф= an infinitely small difference in latitude, or the differential of 
the latitude. 

М =the length of the arc in meters, from the Equator to latitude ¢. 
Using the value of pm given in [I], we have 


2 Iv a( 1 — e^) dọ 


(1— e? sin *ф)? 


Expanding the binomial reciprocal of the denominator, we have 


15 : 35 7 
(1—е? віц? ¢) 1—1 +3 sin’ pF ge e* віп* $- ise sin’ ф 
+ e Bim igi a ll 
But, 
:29 1 1 1 
sin’? $—5 (1— соз 26) = — 5 cos 26 


Р 1 1 
sin* ф -$.1 cos 2Ф += соз 4ф 


ES : 1 6 
sin $—16^ 35 cos 2¢+ 6 cos 46—3 = 5 Cos ф 
: 35 7 д. 1 
sin’ ф= 198 16 < 2644, 9 008 4$ — g cos 66 тә; 198 Cos 8ф 


Substituting these values and arranging the terms as constants and as 
coefficients of cos 24, cos 4$, etc., we have 
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-aie уз=(1+ Buc 15, OES...) 
(1— e sin? ¢) (1+4е ears 2565} 1038181: 


B 
(18805 NTC RN 
49 "16° *512 ° * 2048 cog 24 
2 


жў 15,,,105 می‎ 2205 ., | ) ов 
« 64 ° 256° * 4996 * ^ ) cos $$ 


D 
JC 4 BIB...) 
-( 512 © +5048 T cos 66 
E 
7 315 г) 4 
( jogga e JOS 
ЕЕ Ре ) 
Then 
'% 
М = | а (1—e”)[A—Beos2¢+Ccos4¢—D cos6¢+ Есоѕ8ф— · ---] dó 
J 0 
fundamental for- * 
mulas in 
which 
But 


m is a definite 
coefficient 

x is a variable 
quantity 

n is & coefficient 
of the variable 

k is à constant. 


mi . 
Jmdx — mx + k and fm cos nx dx= n Sin nx +k 


Therefore 
„Га (1—е?) A дф=а(1—е?) Ap+k 


„Га (1—е?) B cos 26 dó—a (1—е?) B i sin 2¢+k 

„Га (1— е?) С eos 46 d$ — a (1— e?) C 1 sin 4p +k 

„Га (1—е?) D cos 6¢ dó—a (1—e?) Р = sin 6¢+k 

„Га (1—е?) E cos 86$ d$ —a (1—e) Е 1 in 8ó--k. 
6243°—29 2 
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The value of M. between the limits 0? and ¢° is the difference between 
the integrals when ф=ф° and when ¢=0°. If ф=0°, then sin 29, 
sin 4¢, etc., =0, and the integral of each of the five terms given above 
is equal to k. In the subtraction of integrals all the k's cancel. 
Therefore, 


: T 1 р 
М = а(1— e?) Е i B sin 26 +24 ! sin 4ф— gD sin 66 


e B 
TE sin 85— <. «° | 


Substituting the values of А, B, C, D, and E, we get 


ds 2x 3 ,,45 175 5 11025 , , ) 
M-a(1—e | ( 1+7 rege Fier 16384 ° +-.,..)Ф 


Let 
| 3 45 175 ., 11025 
Å = — e? ا‎ AN M ai жеар Га -e-- `• • • 
Asale (1 ГӨ +640 15566 "169849 " ) 
6,367,399.6891 meters. 
278 15 525 2205 
А. = ~ê) ( Te + 501 аб 4 = а 2 
a(l a ИТА 519° 2048* | 
= 32,433.8882 meters. 
715 105 ‚ 2205 
А„=—= — е? (5 yt 6L ae ves е Je: .4187 ter 
4 98 (1 e*) 64 256* t 1096? | 34.4187 meters. 
с Р О ВТ ИВЕ 
А, =58(1 Р e) (sine + 20489 ^ ^77 ) -0.0454 meters. 
1 315 ) 
i A LS MES шр EMI | Н eters 
As 412 e 16384 ^ ! 0.00006 meters. 
Then 


M= -A-Z Asin 24--5 A, sin4$— 1 A, sin 66--L A sin 86— - °° [VI] 


This expression, in which ¢ is expressed in radians, gives the length 
of the arc of the meridian (in meters, if a 1s taken in meters) from the 
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Ls 
Equator to the parallel at latitude ¢. The length of the arc of the 
meridian represented by the difference between two values of ¢ is 
found by taking the difference in the values of M for the two latitudes. 
Let M;,-length of the are of the meridian from the Equator to 
latitude фз. 
M;-length of the arc of the meridian from the Equator to 


latitude 4). 
| —M;—M,-length of the arc between latitudes ¢, and фз. 


1 i 3 
ф= = (фф) = mean latitude of the arc. 


Ao = $3 — Qı 
'Then 
1 : к 
АМ = ZA (ф.— $)— 5 А, (sin 2a — sin 26) +5 Ay (sin 4pa— sin 4d 
—5 s (sin 695 — sin 6ф,) 4 3 Ав (sin 865— sin Sp) —* = - 
But 
sin а sin B=2 cos (а: (a+) sinz 5 (а—8) 


Substituting 
2 do, 4 do, etc., for a and 2 ф;, 4 du, etc., for B, we have 


АМ = A, (Ф:— $1) =ч : Ay [2 cose (2ф + 2ф\) sinl (263 — 26. | 


T E cos (Ado + 45) sin (4¢.— 44) | 


= 


—- LA [г T (655 4- 601) sinj (6:55 — 64) | 


] AE 
+34, [2 со cos 8 5 (SQ: + 861) sin; (86,86) | 


But 
15, : a 1 А 
э Q^ 2ф) —26, g (4Ф+4ф) -4ф, etc. 
апа 
1 (2 9 1 ; 2 
g (2¢2— 2%) =A b, 5 (442—441) =2 Дф, ete. 
therefore 


AM = А„Аф— А, cos 2¢ sin Ap + A, cos 4¢ sin 2A$ 
— Ag cos 66 sin 3A¢+ Ag cos 8o sin 4 Аф +... ҮП 


In the first term of the formula given above, Аф is expressed in radians, 
and the value of А, is 6,367,399.6891 meters. If it is desired to use 
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the formula with Аф expressed in degrees, minutes, or seconds, values 
of A, must be taken as follows: 


А%= - Ac 111,132.0894 meters log =5.0458394793 
А” a A 2 ] 2 2) 

А سے‎ ў == 852. DI 5 ters = 9 2 a 3889: $ 
4 0731600 ^? 1,852.2015 meters og —3.2676882316 


әт 
Ay) s x 1. зыта na 
A= 1288000407 30.8700 meters log = 1.4895366 
In computing lengths of ares of the meridian for the projection tables 
given in this publication, in which the arcs are taken in terms of 
minutes, the following formula should be used, the last term contain- 
ing А; being dropped: 


AM —1,852.2015A9' —32,433.8882 cos 2¢sin Дф + 34.4187 cos 4$ sin 2Аф 
— 0.0454 cos 6ф sin AGEN • + + © LLL LLL Lc LLL cL ccc. lc. [VIII] 


log 1,852.2015 =3.2676882316 
32 433.8882 =4.51099901 54 
34.4187 = 1.5367944629 

0.0454 = 8.6570559 — 10 

Ares of the parallel.—For computations of the length of the are of 
the parallel lying between two given meridians of longitude the for- 
mulas given below may be used, in which— 

$ is the latitude of the parallel, expressed in degrees, minutes, 
and seconds. 

r is the length of the radius of the parallel, expressed in meters. 

pn is the length of the radius of curvature of the section normal to 
the meridian, expressed in meters. 

№, and X, are the longitudes of the ends of the arc, expressed in 
degrees, minutes, and seconds. 

AX—Xx-— and is the are of the parallel expressed in degrees or 
minutes or seconds, the unit depending on the formula used. If 
fractional parts of degrees or minutes or seconds are required they 
must be expressed decimally. 

AP is the required lengthof the arc expressed in meters. 

The radius of any parallel is equal to the product of the radius of 
curvature of the normal section for the same latitude by the cosine 
of that latitude, as is seen in Figure 2 in the triangle PK'M, in which 
соз ф= T. Therefore 


ра 
T= рц COS ф 
and the entire length of the parallel is 


2ar —2mTp, COS ¢ 
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Any аге of the parallel is equal to the entire length of the parallel 
divided by the number of units in the circumference and multiplied 
by the number of the same units in the arc. "Therefore 


. 2трь COS ф 


2 — ( 1 domwrees 
AE 360 . (AX in degrees) 
But 
= = 1 үз " 
Pn А arc 1” 
therefore 
ў 2r ) ‘cos 5 З 
ATL — =- lE. à aT eos 
АР {= are 17, ( A __) (Ax in degrees) 
(20 (ов 4) (an in degrees 
(= TOINE теу (ДА in degrees) 
But 
T 20т 20r .L. 
с 1?- З r 86 
are 1 180 апа arc 19^ т. 3600 
180 
therefore 
AP (meters) —3600 core AX (degrees) 
08 d ; Е 
= 60 тч AX (minutes) р «----+--- [IX] 
_ cos ф 


— AX (seconds) 
A 

Rectangular coordinates.—In the polyconic system of map projection 
each parallel of latitude represented on the map appears as the devel- 
oped circumference of the base of a right cone tangent to the spheroid 
along that parallel. Thus the parallel PN (fig. 2) and the are P,P, 
(fig. 3) will appear in projection as the arc of a circle PP,P;N (fig. 4) 
whose radius GP; =} is equal to the slant height of the tangent cone 
PGN (fig. 2). 

In constructing a map projection on this system the meridians and 
parallels are usually delineated by plotting and joining their points 
of intersection. The coordinates of these points may be expressed 
in the following manner (see figs. 3 and 4): For any parallel, as 
PP,P.N, take the origin Р, at the intersection with the central merid- 
ian and let the rectangular axes of Y(P,G) and of X(P,Q) be respec- 
tively coincident with and perpendicular to this meridian. 

Let Ad represent the difference of longitude between the central 
meridian and the next adjacent one; AP — P,P, the arc of the parallel 
between the central meridian and the next adjacent one; 0 the angle 
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at the apex of the developed tangent cone between the central meridian 
and the next adjacent one; $ the latitude of the parallel, which is 
also the angle at the apex of the tangent cone between a meridional 
element of the surface of the cone and its axis; / the slant height of 
the tangent cone and the radius of the developed parallel; r the radius 
of the parallel in the plane of the parallel; and pn the radius of curva- 
ture at Р, of the cross section of the ellipsoid through the point P, 
normal to the central meridian. 

Then from Figure 4, in the triangle GPS, it is apparent that 


x —[ sin 0 


and in the triangle P,P;S that 


;—xt 0 
Jy =x tan 5 


Figure 2.—Elements of ellipsoid and tangent FIGURE 3.—8ector of tangent 
cone cone 


ү, УК, å C 18 0 
Substituting the value of x and remembering that sin 0— 2 sin z COS 5! 


= 


we have 


i 110 
y-2lsin*; 


From Figure 3, in the triangle GP,K’, it is apparent that 
l= pn cot ¢ 


The length of the are AP (fig. 3) is measured by the length of the 
radius r of the parallel times the central angle AX (in radians), and 
the same are is also measured by the length I of the radius of the 
developed cone times the angle # (in radians); therefore 


10 —rAX 
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But from Figure 3, in the triangle P,K’M, it is apparent that 
r=p, cos ¢; therefore 
E pnAd cos ф 


á 1 


Substituting in this the value of J given above, we have 


O= N^ sin ¢ 


Then, substituting in the expressions for x and y the values of 7 and 
0, we have 


cot ¢ sin (A^ sin $) 


X= p, cot ¢ sin (ДА sin $) = Рел ДЕЕВЕРІ | 
ف‎ А : 
1 2 cot ¢ sin? = (АА sin ¢) 
y = 2рь cot ¢ sin* 9 (AA sin ф)= — С [XT] 


FIGURE 4.—Developed cone 


In the two formulas given above the expression ДА sin ¢ is approxi- 
mately the convergence of the meridian, and it will give an angle 
in the same units as are used for Aà. For example, if Ad is taken 
in radians, degrees, or minutes the angle (Ad sin ¢) will be in radians, 
degrees, or minutes, respectively. The expression sin ¢ is really a 
coefficient of Ad just as if it were a quantity like 2 or 4. 

Log A is given for each minute of latitude from 0° to 72° in 
Table 28, Geological Survey Bulletin 650, and in Coast and Geodetic 
Survey Special Publication 8. 

Log are 1’’=4.6855749-10. 

The formulas for x and y given above are exact expressions of the 
coordinates of the point P. But when Ad is small substitution for 


the quantities sin (ДА sin ф) and sin? 4 (AX sin $) of the first two 
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terms of their expansions will yield formulas more convenient to 
use and at the same time give satisfactory results. These expres- 
sions are 


: - : 1 Я - 
sin (АХ sm ¢) = A^ sin $—5 (АА sin ф) + ‘<. 
то Mie Бел Уд Шы, 
sin? 5 (АХ sin ¢) = (A^ sin ф)? — 348 (Ad sin ф)*+ • • • • 
Substituting these values in the formulas for x and у, we have 
А e 1 ; А үт 
X= p, cot ¢ A^ sin ó—6 Pn cot ф (AX sin ф) + + · + • 


But cot ф sin $—cos ф; therefore 


X=pnAX cos ф— i PaA cos ¢ (AA sin ¢) +-+- 

or | 

X= p,AX cos ф L -i (ДА sin ф)?+ -+ | 
But 

— 13 Leto 
P2 arc 1” 
therefore 
Ad cos ¢ i hel} Р 2 

ios CI [77 Е TE (ЛА sin ¢) + < | E: 8 [XII] 

also 
y = 2p, cot ga (АА sin $)? — 2p, cot ee (АА зіп $)4- +++ 
4 48 
1 or s 1 e Y ; 
= 5 PAN sin ¢ cos ф— 24 p, AN sin ¢ cos ф (ЛА sin ¢) + += - 
1 dud | 1 -— 
= 5 PrAd sin ф cos ф 1—19 (ДА sin p) t.e... 
But 
: 3 1 1 

sin ¢ cos ó—5 sin 26 and pa —4—— 17 
therefore 

— AM sin 26 1 ers k 

y ЕШР [ 12 5 (Ansin 9 хоп 


In these two formulas for x and y A^ is expressed in radians. Ad 
may be taken in seconds, minutes, or degrees by using the following 
relations: 


AN — AA" are 1^ 
AM-—AM are 1'—60 AN arc 1” 
AM = ДА are 1°=3600 AX? arc 1” 
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and the formulas may be written as follows by substituting in the 
coefficient the proper value of AA expressed in terms of arc 1’’, so as to 
cancel the term аге 1’’ in the denominator, and by substituting in 
the series the proper value of ДА expressed in terms of arc 1’’, are 
1’, or arc?, as the case may require: 


Жуз, 
` E AX x 5 #1 1-8 - (AM arc 1^4 sin ф)?- e] 


AAY arc 1’ sin2¢ = r 
gic " Pare Sin 24 L derer 1’ sin ф)?+- of | 


30AM cos ¢ E. 
ell Е фе 1”'эїпһф)%?+-.. 1 


Ad in [XIV] 


seconds 


x= А А 
J | AX m [ХУ] 
1” є minutes 
) 15(AM » = 1’ sin 26 = 1 (AN are 1’ sin ¢)*+-+-- | 
оргу Oen 
x= 26004À eon Pm E (AN? arc 1° sin $)?- -> | ' 
900(AA*) arc 1? sin 29) 1 : ба Ar. 
ڪڪ‎ - L ci 5(AdPare 1? sin ф)?+- · • • + | 


The constants in these formulas with their logarithms are as follows: 


are 1'^ —0.0000048481 radian log—4.6855749 — 10 
are 1^ —0.0002908882 radian log—6.4637262— 10 
arc 1? —0.0174532925 radian log—8.2418774 — 10 
This group of formulas seems more complex than the formulas for 
x and y given in X and XI, but the terms are so arranged that their 
use will be found more convenient in making & large number of 
computations, especially if the terms within the brackets can be 
dropped. 
Analysis of formulas.—Analysis of the last group of formulas for 
x will show that for values of АА of 1° or less and for latitudeaof 60° 
or less the terms within the brackets can be disregarded with a result- 
ing maximum error of +2.2 meters in the abscissa of the developed 
parallel. "The ordinate of the developed parallel of 45? has the great- 
est value for the same value of A^, and for values of AX of 1? or less 
the terms within the brackets in the formulas for y can be disre- 
garded with a resulting maximum error of +0.007 meter. The 
following table gives an idea of the errors in the values of x and y 
resulting from the use of the first term only of these formulas: 


А Latitude 25° | Latitude 50° 
Value of AX | | 
60/ 30/ 5 7M! 60 | 30 M Ju: 
| | | 
Errors in x, in meters..| 4-0. 915 +0. 14 | +0.014 +0.002 | -F2.121 +0. 267 | --0.083 | +-0. 004 
Errors in у, іп meters..| +.0017 | -r.0001 | +. 0004 | -.0000 | ++. 0000 


+.0000 | +. 0000 | -F.0071 
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Even the maximum error of 2.2 meters on the spheroid ean not be 
plotted on any ordinary map projection; consequently where Ad does 
not exceed 60 minutes it is sufficient to use only the first term in the 
bracket in any one of the last group of formulas for x and y. 

Analysis of the formula for AP and of the rigid formula for x shows 
that for short arcs of the parallel of 30' or less and for latitudes of 50? 
or less there is very little difference between the actual lengths of 
the ares of the parallels and the abscissas of their development, and 
that either formula may be used for the other. "The following table 
gives an idea of these differences: 


| 


Latitude 25° Latitude 50° 


Value of АХ 


30" | 15’ | ag 
ТЩ ا‎ ү; ng] 
Value of AP, in meters. 35, 849. 06 17, 924. 53 8, 962, 26 
Value of x, in meters... 35, 848, 79 17, 924. 50 8, 062. 26 
LI 


CONVERSION DATA 


Values in meters on the spheroid can be transformed easily into 
measurements in inches on any map scale by reducing meters to 
inches and dividing the result by the scale relation. In the following 
table the two operations have been combined into one factor, and the 
table will be found convenient for use in conversion by logarithms or 
for use by direct multiplication in а computing machine. "The tables 
are based on the United States legal value of 1 meter = 39.37 inches, 
log = 1.5951654 


1:1,000, 000 


5150842-10 
2941354-10 


5. 5051654-10 


Seale Log to be Multiplication 
added faetor 
: 5, 000 7. 8966954-10 0. 0078740000 
: 10, 000 654-10 „(К 70000 


‚ 0032308333 
. 0019685000 


1 7. 2149542-10 ‚0016404167 
1 7. 1003154-10 . 0012598400 
1 7. 0043802-10 ‚001 

1:48, 000 6. 91392: . 0008202083 
1:62, 500 . 0006299200 
1:63, 360 . 0006213699 
1:00, 000 . 0004101042 
1:125, 000 . 0003149600 
1:192, 000 „ 0002050521 
1 : 250, 000 : 

1:500, 000 5. 8961954- 

1:750, 000 5. 7201041-10 . 0000524933 


. 0000303700 


Other interesting data concerning scale relations will be found in 
Tables 40 and 44, Geological Survey Bulletin 650, 


е 
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Different methods of construction—Polyconic projections may be 
constructed by hand, by using the instructions and tables published 
in Coast and Geodetic Survey Special Publication 5, which gives the 
required values in meters on the surface of the spheroid, or by using 
the instructions and tables given in this publication with measure- 
ments in inches on the map scale desired; or they may be constructed 
mechanically by means of a Bumstead projection plate. The prac- 
tice of the Geological Survey indicates preference in the reverse order 
from that given above. Directions for constructing projections by 
hand ean be given best by means of practical examples, but in general 
& central meridian is assumed upon which the intersections of the 
parallels are plotted to scale. Each parallel is then developed 
separately as an are of a circle with its center lying in the extension 
of the central meridian. The ares of the developed parallels are 
subdivided to scale, and the meridians are drawn through the corres- 
ponding subdivisions. However, in actual practice on projections 
of small quadrangles the parallels are not drawn as arcs of circles, 
but their intersections with the meridians are plotted from the 
computed x and y values, and the sections of the parallels between 
adjacent meridians are drawn as straight lines. On polyconic 
projections of quadrangles of 1? or smaller all meridians may be drawn 
as straight lines, and in large-scale projections of small quadrangles 
in low latitudes both meridians and parallels may be drawn as straight 
lines. For example, the curvature of the parallels of a projection of 
a 15’ quadrangle in latitudes from 0? to 25? on a scale of 1 : 48,000 or 
for a 714’ quadrangle in any latitude on a scale of 1 : 31,680 or larger 
is so small that it can not be plotted. 

The meridional distances given in the tables apply to the central 
meridian of the projection, but for any standard quadrangle the 
difference in the curvature of the several parallels is so slight that the 
distances given for the central meridian can be taken for all other 
meridians. 

Geological Survey method.—For making a polyconie projection by 
the Geological Survey method it is necessary to have a metal straight- 
edge graduated in inches, with one inch at one end subdivided into 
hundredths of an inch, the scale being standardized and the straight- 
edge being as long as the longest dimension of the projection; a good 
rigid-beam compass with micrometer movement; a hard chisel-point 
pencil; a plotting needle; and the tables in this publication. 

To illustrate this method the construction of a polyconic projection 
on a scale of 1:48,000 of the 15-minute quadrangle lying between 
north latitudes 40° 15’ and 40? 30’ and between west longitudes 88? 00^ 
and 88? 15' is described. (See fig. 5.) The projection will show 
each 5-minute meridian and parallel. 'The central meridian of the 
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projection will represent the meridian of longitude 88° 0714’ and will 
be used for construction only. Likewise the perpendicular crossing 
the central meridian at latitude 40? 2214’ will be used for construction 
only. 'The geometry of the construction given below is slightly 
different from previously established practice, owing principally to an 
effort to eliminate the plotting of the small ordinates of curvature, 
which is very difficult in a projection of a small quadrangle. 

In Table 2 the group of ordinates and meridional distances com- 
puted for latitude 40° may safely be used for all latitudes between 39° 
30’ and 40° 30’ without interpolation between the values given and 
those computed for latitudes 39° and 41°. The meridional distance 


1 A 


g 11 چ ج 723ھ اا سے‎ —— 
~-t-= — еШ Pe NE £908" 1 "2 55/16 t м] -adhs' 
n B A 19 Mi 
1 \ А r мә 
вё'15' io 5' 68°00 
FIGURE 5.—Polyconic projection of 15-minute quadrangle 


for 214’ of latitude is found to be 3.796 inches; for 5’, 7.588 inches; 
for 714’ 11.383 inches; for 10’, 15.179 inches; and for 15’, 22.766 
inches. In the part of the table headed ‘“ Abscissas of developed 
parallel" the x values for 214’ and 714’ of longitude in latitude 40° 
15’ are found to be 2.908 inches and 8.723 inches, respectively. The 
x values for latitude 40° 20’, 40° 2214’, 40° 25’, and 40° 80” are 
shown in Figure 5. It should be noted that the measurements given 
here and on Figure 5 were taken from an old table, and some of 
them contain small errors in the third decimal place, which have 
been corrected in Table 2. In the group of ordinates of developed 
parallel the y value for 714' of longitude is found to be 0.006 inch, 
and for 214’ of longitude 0.001 inch. These are all the measurements 
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needed to proceed with the constuction of the projection. It is 
impossible to plot the y value for 244’ of longitude and difficult to 
make an individual plotting of the y value for 714' of longitude; 
but 0.006 can be added to or subtracted from any tabulated length 
of meridional ares and the resultant distance measured on the metal 
scale, and this is done in the following description. 

Draw the central construction meridian AB in vertical position 
near the center of the map; select the mid-point C as the center of the 
projection, and lay off from С the meridional distances for 214’ and 
7V$' of latitude—CE (3.796 inches) and CB’ (11.383 inches) above 
and CD (3.796 inches) and CA'(11.383 inches) below. "The over-all 
distance A’B’ (22.766 inches) for 15’ of latitude should be used to 
check the plotting. At the mid-point C erect the perpendicular FG, 
using the points A^ and B’ as centers for long arcs and the points D 
and E as centers for short ares. Lay off on the construction line FG 
the abscissas of the developed parallel for 214’ and 714’ of longitude 
for latitude 40? 2212/—CH and CI (2.902 inches) and CF’ and CG’ 
(8.706 inches). 

With the points F^ and G’ as centers and a radius equal to the merid- 
ional distance for 7 14' of latitude plus the ordinate for 714/ of longi- 
tude (11.383 + 0.006 — 11.389 inches), strike ares at J and К. "Then 
with the same points аз centers and a radius of 11.377 (11.383 — 0.006) 
strike ares at Land M. In striking these arcs use the metal point of 
the beam compass rather than the pencil point, and either scratch 
the paper lightly or place under the metal point a small piece of carbon 
paper made by rubbing a piece of thin tracing paper with a hard pencil. 
This obviates the inaccuracy of using the pencil point of the beam 
compass to take an exact measurement from the scale. 

With the points H and I as centers and a radius equal to the 
meridional distance for 714’ of latitude (11.383 inches), strike ares 
at N and О above and P and С) below. The true meridional distance 
ав here used is generally taken in constructing the inner meridional 
distance of 716' of latitude on a scale of 1:48,000 or larger, as 16 
is impracticable to use the small ordinate for 214’ of longitude. 
However, should the more rigid construction be required, it may be 
done in the following manner: With points H and I as centers and а 
radius equal to the meridional distance for 714’ of latitude plus the 
ordinate for 214’ of longitude (11.383 + 0.001 = 11.384 inches), strike 
ares at N and О, Then with the same points as centers and a radius 
equal to the meridional distance minus the 214’ ordinate (11.383— 
0.001 —11.382 inches), strike ares at P and Q. 

With the points B^ and А” as centers and radii equal to the proper 
abscissas, strike arcs at J, K, L, and M, and also at №, О, P, and Q. 
Check the length of the diagonals JM and KL, which should be 
exactly the same. Draw the straight lines JL and KM through the 
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intersections of the arcs at J, L, K, and M, and the straight lines NP 
and OQ through the intersections of the arcs at N, P, О, and Q. 
'These lines represent the four meridians on the projection, and al- 
though theoretically they are curves concave to the central meridian, 
yet in practice they can be drawn only as straight lines. The four 
intersections at the top and the four at the bottom of the projection 
аге the exact intersections of the four meridians with the limiting 
parallels. 

With the beam compass set at the length of the meridional distance 
for 5' of latitude, plot along all four meridians down from J, N, O, 
and K and up from L, P, Q, and M, and check the middle 5^ sections 
of the meridians, thus locating the intersections of the four meridians 
with the parallels 40° 20’ and 40? 25’, 

All the necessary intersections for the projection of this 15^ quad- 
rangle have now been plotted without trying to make an individual 
plotting of 0.006 inch from the points F^ and G^, which only the most, 
skilled draftsmen can accomplish, and the same setting of the beam 
compass has been used for all equal measurements, thereby strength- 
ening the construction. 

Check the construction by measuring over-all distances and by 
testing corresponding diagonals of all combinations of projection 
blocks. 

Although 16 is customary to show only the 5’ intervals on a ргојес- 
tion for a 15’ quadrangle, it may be desired to develop the central 
parallel, which, in the projection under construction, would fall on 
latitude 40° 2214’. If so, proceed in the following manner: With 
the beam compass set at the meridional distance for 744’ and plotting 
along the meridians down from J and K and checking by plotting up 
from Land M, locate the points Е” and С”, which are the intersections 
of the limiting meridians with the central parallel at latitude 40? 2214’. 
The points Н and I already determined are the intersections of this 
parallel with the inner meridians, as no ordinates can be plotted at 
these intersections. Draw the parallels by drawing straight lines 
between the plotted intersections, as the curvature of the parallels 
of any standard quadrangle within the limits of the United States 
is too small to be drawn as a curve. Letter the latitude and longitude 
as shown in Figure 5, add the scale, the name of the quadrangle, and 
the initials or name of the person making the construction, апа the 
projection is completed. It should, however, be checked carefully 
by another person. 

In any projection where the ordinate of а developed parallel at the 
limiting meridians is less than 0.005 inch it is impracticable to plot 
the curvature, and the parallels should be represented as straight 
lines perpendicular to the central meridian. ‘This will be true of 
projections of maps of standard 15' quadrangles between latitudes 0? 
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and 25? on the scale of 1: 48,000 and of standard 714’ quadrangles 
in any latitude on scales of 1:31,680 and larger, 

Interpolation for other scales.—This bulletin gives tables for all the 
standard field scales employed by the Geological Survey, but use of 
other projections may be required, and any table may, with certain 
limitations, be used for scales half as large or twice as large. The 
abscissas of developed parallels and the meridional distances are both 
in direct proportion to the scales and practically in proportion to the 
latitude and longitude intervals, so that the abscissa for 2^ of longi- 
tude at latitude 40? on the scale of 1:24,000 is the same for 1’ 
of longitude at latitude 40? on the scale of 1:12,000. Likewise the 
meridional distance given for a latitude interval of 2^ on the scale of 
1:24,000 is the same for 1^ on the scale of 1:12,000. 

The ordinates of developed parallels are also directly proportional 
to the scales, but the ordinates are also proportional to the squares 
of the distances from the central meridian, which may lead to confu- 
sion in interpolation for a different scale. For example: For a longi- 
tude interval of 5' in latitude 40? on a scale of 1: 24,000 the ordinate 
of developed parallel is 0.0054 inch. The ordinate is not the same 
for a longitude interval of 214’ on a scale of 1:12,000 but is 0.027, 
or one-half as much. 

ТҺе following rules may develop discrepancies in the third decimal 
place, but these will be too small to plot: To halve the scale (for ex- 
ample, to make a projection on a scale of 1:48,000 from tables for 
the scale. of 1:24,000), use correct arguments for the scale desired 
and divide all values given in the table by 2. To double the scale 
(for example, to make a projection on a scale of 1:12,000 from tables 
for the scale of 1: 24,000), use correct arguments for the scale desired 
and multiply all values given in the table by 2. 

Polyeonie projections on scales for which no convenient tables are 
given with data in inches are best constructed directly from the data 
given in Coast and Geodetie Survey Special Publication 5, the dimen- 
sions in meters on the spheroid being reduced to meters on the map 
scale and plotted by means of a metrie scale. Instructions for making 
projections by this method are given in Special Publication 5 and 
also in Geological Survey Bulletin 788—E. 


MODIFIED POLYCONIC PROJECTION OF MAP OF THE 
WORLD ON THE MILLIONTH SCALE 


GENERAL SPECIFICATIONS 


On November 22, 1909, the International Map Committee adopted 
uniform specifications for the sheets of the map of the world on a scale 
of 1:1,000,000. Each sheet of this series of maps covers an area of 
4° of latitude by 6° of longitude and is designated by a letter and a 
number preceded by the word “North” for the northern hemisphere 
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and by the word “South” for the southern hemisphere. Reckoning 
from the Equator to the north or to the south, each 4? belt of latitude 
is designated by а letter—A for the belt from 0? to 4°, B for the belt 
from 4? to 8?, ete. Reckoning from the international date line at 
180? longitude (east or west of Greenwich) each zone of 6? of longitude 
is designated by a number—1 for the zone from 180? to 174° west 
longitude, 2 for the zone 174? to 168?, etc., up to 60 for the zone 174? 
to 180? east longitude. Thus the Boston sheet, covering the area 
between north latitudes 40? and 44? and between west longitudes 
66° and 72°, is designated “North K-19.” 

The projection adopted for the sheets of this series of maps is & 
modified polyconic projection so designed as to represent all the 
meridians as straight lines on the map and to make the average scale 
error as nearly zero as possible by bringing the top and bottom paral- 
lels of the ordinary American polyconic development closer together 
without alteration, so that the scale will be true along these two 
parallels and along the meridians 2? east and west of the central 
meridian. The result is that the scales along the other interior 
meridians are reduced and the scale along the limiting meridians is 
enlarged. This arrangement gives four instead of three lines of 
strength in which the scale is true, and the maximum error in any 
other line is much less than in the American polyconic projection. 

'The top and bottom parallels of each sheet are drawn in the usual 
way, аз circles with centers lying in the prolongation of the central 
meridian, but are actually plotted from the rectangular coordinates 
of the intersections of the two parallels with the several meridians. 
These two parallels are therefore subdivided true to scale. Straight 
lines representing the meridians are then drawn connecting corre- 
sponding intersections on the top and bottom parallels. 

In the resolutions of the International Map Committee it is not 
stated how the 4? lengths of the meridians are to be subdivided. 
United States Coast and Geodetie Survey Special Publication 68 
states that “no doubt, an equal division of the central meridian was 
intended." Arthur К. Hinks, in his admirable treatise “Мар pro- 
jections," states, *it may be supposed that they are divided equally." 
Antoni Lomnicki, in a paper entitled “Projekcja Miedzynarodowej 
Mapy Swiata," published at Lwow in 1927, comments as follows: 
“It has been ascertained that these differences are so insignificant as 
to be a negligible quantity on а map drawn to a scale of 1/M, a fact 
which nevertheless should not be omitted in the instructions." 

It has been the practice of the United States Geological Survey to 
compile the sheets in four quarters on the scale of 1: 500,000 and to 
subdivide each meridian in proportion to the correct length of each 1? 
interval of latitude. Therefore, these new tables have been con- 
structed on that basis. 
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JOINING OF SHEETS 


Any :? by 6? sheet will join exactly with the four sheets on its 


margins, but the corner sheets to complete a block of nine will not fit 
along their two adjacent edges simultaneously; they will fit on one 
edge, but there will be in theory on the other а small wedge-shaped 
gap, as is shown in Figure 6. In practice these gaps will be found 
to be very small, usually less than the average expansion or shrinkage 
of map paper. The map user will seldom desire to join together 
exactly more than nine sheets at once. Many objections have been 
made to the use of this projection because of this difficulty in joining 
corner sheets and because of distortions in scale, azimuth, and shapes 
near the east and west limits of the sheets, but there does not seem 
to be any other projection of sufficiently greater merit to offset the 
principal advantages of the modified polyconie projection, which are 
its ease of construction from simple tables and its adaptability to 


FIGURE 6.—Junction of sheets of map of the world 


small groups of sheets representing areas in any part of the world. 
Any errors in a single sheet are negligible in view of the limitations 
of drafting, engraving, and quality of map paper. For example, the 
maximum error in scale occurs along the east and west meridians of 
а sheet representing an area between latitudes 0? and 4? and is about 
1/1300, or -- 0.076 per cent; on the scale of 1 : 1,000,000 this amounts 
to about one-third of a millimeter in the total height of the sheet. 
The substitution of the Lambert conformal projection or the Albers 
conical equal-area projection has been suggested. The writer has 
investigated the effect of the use of the Lambert conformal projection 
for the millionth-scale sheets of the area of the United States and 
finds that, in the area between latitudes 24° and 52°, the Lambert 
conformal projection would probably be based on two standard 
parallels at latitudes 29° and 47°. Such a projection would intro- 
duce scale errors averaging about +1 per cent in sheets representing 
areas adjacent to the limiting parallels (24° and 52° 
62439—29——3 


) and averaging 
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—1 per cent in sheets representing areas between latitudes 36° and 
40°, although the scale would be correct in sheets for areas along the 
two standard parallels. Sheets on the modified polyconic projection 
representing areas between latitudes 24° and 28° introduce maximum 
scale errors of only 0.06 per cent, and between latitudes 48° and 52° 
of only 0.03 per cent, which are less than the usual distortion of map 
paper. Therefore for all practical purposes maps on the modified 
polyconic projection covering any area in the United States are as 
true to scale as maps on the Lambert conformal projection for areas 
along the standard parallels. Surely the necessity of correcting all 
distance measurements on а sheet by an amount as large as 1 per 
cent would be a distinct disadvantage. Of course it would be possi- 
ble to select zones of lesser extent in latitude, even to the extreme 
case of considering each row of 4° by 6° areas а separate zone, with 
two standard parallels for each zone, but any of these selections 
would involve difficulty in joining sheets in adjacent zones, and much 
confusion would be caused if each country used one or more different 
pairs of standard parallels. 

The resolutions of the International Map Committee state that 
“north of latitude 60° N. and south of latitude 60° S. it shall be per- 
missible to join two or more adjoining sheets of the same zone, so that 
the combined sheet covers 12°, 18°, etc., of longitude." United 
States Coast and Geodetic Survey Special Publication 68 comments 
on this statement as follows: “The provisions also fail to state whether, 
in the sheets covering 12? of longitude instead of 6?, the meridians of 
true length shall be 4? instead of 2? on each side of the central meri- 
dian; but such was no doubt the intention." А. К. Hinks makes a 
similar statement in his book on map projections. The writer doubts 
the correctness of this interpretation but thinks that the committee 
had in mind simply the assemblage of two or more independently 
constructed sheets in a single map so as to avoid a series of maps of 
very small width. In other words, he thinks that the committee had 
in mind a printing and distribution problem rather than a cartographie 
problem. A row of 4° by 12? sheets would fail to join a row of 4° 
by 6? sheets immediately to the south by wedges similar to those 
illustrated in Figure 6, whether the sheets were constructed with 4? 
or 8? between the standard meridians, but if the interval were 8? 
the maximum scale error in the northern row would be increased four 
times. "The Geological Survey has not yet compiled any sheets of the 
millionth-scale series for areas north of latitude 60?, and it hopes that 
before it is required to do so the International Map Committee will 
decide the matter definitely. 
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DRAWING OF PARALLELS 


There has been considerable discussion of the difficulty of drawing 
the ares of circles representing the limiting parallels and the curves 
representing the three interior parallels, which Lomnicki calls short- 
ened epicycloids. The maximum deviation of the curve represent- 
ing a 1? arc of a parallel from the chord joining the ends of such a curve 
is in latitude approximately 45°, and on a scaleof 1:1,000,000 the max- 
imum ordinate from the mid-point of such a chord to the curve is 0.1 
millimeter. 16 15 practically impossible for a draftsman to draw such 
а curve, as the deviation from a straight line is only about the width 
of a finely inked line. It is equally impracticable to construct and 
use a compass bar long enough to draw the arcs of the parallels, 
requiring for the scale of 1:1,000,000 a radius of about 4 meters for 
the circle representing the parallel of 60°, one of about 8 meters for the 
parallel of 40°, and one of over 90 meters for the parallel of 4°. 
Therefore the United States Geological Survey constructs these par- 
allels by drawing straight lines joining adjacent intersections of the 
parallels with meridians 1° apart. For ares of parallels below 50° 
the deviation from true circles can not be detected even on an 
engraved copper plate, although theoretically such methods of con- 
struction introduce angles at the crossings of the meridians. Such 
errors on a printed map are less than the usual distortion of map paper. 
For short ares of the parallels above 60° it may be practicable to use 
mechanically constructed curves. As a matter of fact, the Geologi- 
cal Survey compiles the millionth-scale sheets on a scale of 1:500,000 
by plotting the intersection of each half degree meridian and parallel, 
but in publication the engraver constructs a new projection on the 
copper plate instead of copying photographically the results of the 
cartographer’s compilation. 


DESCRIPTION OF TABLES 


Table 5 gives the length of each developed meridian and the x and 
y coordinates of the intersection of each meridian with each of the 
developed parallels, in meters on the natural scale. To convert these 
data into map distances on the scale of 1:1,000,000, move the 
decimal point three places to the left and plot in millimeters. For 
the scale of 1:500,000 follow the same rule and then double all the 
measurements. Table 6 gives the data in inches on the scale of 
1:1,000,000, Each 1? length of the standard meridians (2° from the 
central meridian) and the x and y coordinates of the intersections of 
all three meridians east and west of the center meridian with the 
upper and lower developed parallels of each sheet (0°, 4°, 8°, 12°, 
etc.) were computed by the rigid formulas given hereafter in this 
paper. In making these computations the dimensions of the spheroid 
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given in the proceedings of the International Map Committee at the 
meeting in London in November, 1909, were used, as follows: 


Semimajor axis a= 6,378,240 meters 
Semiminor axis b —6,356,560 meters 


These dimensions differ slightly from those developed by Col. A. R. 
Clarke in 1880, which were— 


DL 


а = 0,379,249 meters 


= 6,356,515 meters 


After the x and y coordinates of the intersections of each of the 
meridians with the upper and lower parallels were computed, each 
4? length of the central meridian and of the meridians 1? and 3? 
from the central meridian were computed by simple formulas, as 
described hereafter in this paper. The length of the shortened 
central meridian could have been computed directly by the formulas 
given by M. Ch. Lallemand' and the lengths of the other developed 
meridians could then be computed by applying the simple formulas 
for the magnification of meridians of the polyconic projection. 
Each 4? length of these three meridians was then divided into 1? 
lengths in direct proportion to the true 1? lengths of the meridian as 
represented by the 1? lengths of the standard meridians 2? from the 
center. These 4? meridional lengths could be divided into four equal 
parts, and the errors introduced would be small—for example, in the 
1? meridional length between latitudes 43° and 44? the maximum 
error would be about 30 meters, or 0.03 millimeter on & scale of 
1:1,000,000. This difference can not be plotted, but for the purpose 
of analysis and for large-scale compilations it seemed desirable to 
calculate the meridional lengths in their true relation. The x and y 
coordinates for the intersections of the meridians with the three 
inner parallels were then caleulated by subdividing the 4? differences 
in the values of x and y into 1? units in the same proportion as the 
4° lengths of the meridians were subdivided. It would have been 
sufficient for all practical purposes to divide by 4 the 4° differences in 
the values of x and y and then add one-fourth, one-half, and three- 
fourths of these quantities to the x and y values for the proper limiting 
parallel. Moreover, the simple approximate formulas for x and y 
(with slight modifications) given by Lallemand could have been 
used without seriously affecting the accuracy of the results. 

Lomnicki has suggested that tables for the modified polyconic 
projection should be computed on the basis of the Hayford spheroid, 
which probably represents the actual shape of the earth better than 


1 Paris Acad. Sei. Compt. Rend., vol. 153, p. 561, 1911. 
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any other spheroid yet developed. "The dimensions of this spheroid 
were published by Hayford as follows: 


a=6,378,388 meters 
b=6,356,909 meters 


The writer has computed the lengths of each 1° meridional are for 
the standard meridian 2? from the central meridian between latitudes 
40? and 44?, based on the Hayford spheroid, and the table given 
below permits a comparison of these values with those based on the 
Clarke spheroid. 


Lengths of meridian 2° from central meridian, in meters, natural scale 


| Clarke | 

ati A > | Hayford 

| Latitude | B INE | spheroid 
z Д әтә 1! 

409—410 | 111,042.2 | 111,047.4 

111,001, 8 | 111,066.8 

111,081.5 | 111,086,3 

| 111, 101, 3 | 111, 105. 9 

40°-44° | 444,286,8 | 444, 306. 4 


The difference in the 4? length of the meridian is less than 20 
meters on the spheroid, or 0.02 millimeter on a scale of 1 : 1,000,000. 
It is apparent that these small differences can not be plotted, but if 
for any reason the commission should desire to have these tables 
computed on the basis of the Hayford spheroid, the Geological 
Survey will be glad to do the work. However, before taking any 
such action it seems desirable to have comments and criticism on 
the tables presented herewith, particularly as to their general form. 
Moreover, it seems desirable to have the commission settle definitely 
the size of sheets and the arrangement of standard meridians to be 
used in latitudes above 60°. 


METHOD OF CONSTRUCTION OF PROJECTION 


If a map of a millionth-scale unit area is to be compiled in a single 
sheet on a scale of 1 : 1,000,000, it will not be necessary to plot the x and 
y coordinates of the interior interseetjons but only to plot the inter- 
sections of each meridian with the upper and lower parallels and 
then draw the meridians as straight lines and subdivide each one 
of them either into four equal parts or in proportion to their actual 
1? lengths. If the map is to be compiled on a scale much larger 
than that of publication, it is advisable to plot the x and y coordinates 
of the intersection of each 1° meridian and parallel, and it may be 
desirable for the cartographer to construct the intersection of each 
half degree meridian and parallel. 
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It is often difficult to plot the small ordinates of the intersections, 
but it is practicable to add these values to or subtract them from 
the lengths of the meridional ares and to construct the projection 
without making а single individual plotting of а small ordinate. 
This method involves the initial construction of the abscissa of the 
central parallel and permits the construction of each intersection, by 
coordinates, or only the intersections of the meridians with the 
limiting parallels, as may be desired, The difficulty of constructing 
abscissas at right angles to the central meridian near the upper 
and lower edges of the compilation sheet, together with the difficulty 
of making individual plottings of the small ordinates, seems to war- 
rant the presentation of this method in this paper. In so doing the 
writer has taken the example of the construction of sheet K-18, 
embracing the area between latitudes 40? and 44? north and longi- 
tudes 72? and 78? west. 

The following materials are required: A standard metal scale 1 
meter long subdivided throughout in centimeters and with 1 centi- 
meter length at one end subdivided into tenths of millimeters (scales 
used by the United States Geological Survey accomplish the gradua- 
tion of millimeters into tenths by means of diagonal scales; see fig. 7); 
a good rigid-beam compass with micrometer movement; а hard chisel- 
point pencil; a plotting needle; and a copy of United States Geological 
Survey Modified Polyconie Projection Tables. 

Make & working diagram of the projection and enter on it from the 
tables all the dimensions that are needed. (See fig. 8.) 

Draw the central meridian AB, representing the meridian of 75? 
west, near the center of the map sheet; select the middle point C as 
the center of the projection, and lay off from C the meridional dis- 
tances for 2? of latitude on the central meridian above and below the 
central parallel of 42° north; CB’=222.11 millimeters and CA’= 
222.03 millimeters. Subdivide these into 1? lengths, as В’Е = 111.07 
millimeters, CE= 111.04 millimeters; check the over-all distance 
A'B' —444.14 millimeters. If there is any material difference between 
the computed lengths of CA’ and CB’ (more than 0.1 millimeter) lay 
off for purposes of construction the points A and B about 1 centimeter 
below and above A’ and B’, respectively, and exactly equidistant 
from С. At the point C erect the perpendicular FG, using the points 
A’ and B' (or A and B) as centers of long ares and the points D and E 
as centers of short arcs. This line FG is the X axis of the parallel 
representing latitude 42°, Lay off on the line FG the abscissas 
(x values) of the developed parallel for 1?, 2?, and 3? of longitude 
from the central meridian; CJ = CK —82.80 millimeters, CH = CI = 
165.59 millimeters, and CF’ = CG’ = 248.36 millimeters. 

With the points F' and С” as centers and a radius equal to the 
meridional distance between latitudes 42° and 44° along the meridian 
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3? from the central meridian plus the ordinate (y value) of the 
developed parallel for latitude 44? at the meridian 3? from the central 
meridian (222.28 + 4.36 = 226.64 millimeters), strike ares at L and M. 
Then with the same points as centers and a radius equal to the meridi- 
onal distance between latitudes 40? and 42? minus the ordinate for 
40° (222.20— 4.31 — 217.89 millimeters), strike ares at N and О. In 
drawing these ares use the metal point of the beam compass rather 
than the pencil point, and either scratch the paper lightly or place 
under the metal point a small piece of carbon paper made by rubbing a 
piece of thin tracing paper with a hard pencil. This eliminates the 
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FIGURE 8.—Construction of modified polyconic projection 


inaccuracy of using the pencil point of the beam compass to take an 
exact measurement from the scale. 

Then in a similar manner and with the points Н and І and the 
points J and K as centers and with radii equal to the proper meridional” 
distances plus or minus the corresponding ordinates, as the case may 
be, strike ares at Р, Q, R, and S and at Т, U, V, and W. With the 
points B’ and А” as centers and with radii equal to the proper abscissas 
strike ares at L, M, №, and O, at P, Q, R, and S, and at T, U, V, and W. 
(Note that theoretically these radii should be the chords joining the 
ends of the developed parallel, but in the maximum curvature of the 
developed 3? parallel of 60? latitude the difference between the chord 
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and the abscissa on the scale of 1 : 1,000,000 is only + 0.04 millimeter, 
which can not be plotted.) 

Before proceeding further check the over-all diagonals of the 
projection LO — MN and if not exactly the same try the diagonals 
CL — СМ and CN=CO so as to locate and correct any inaccuracy 
of the construetion thus far. Draw the developed meridians as 
straight lines joining L and N, P and R, etc., and draw the developed 
limiting parallels as straight lines (or smooth curves) joining B^ and 
T, A’ and V, etc. This gives all of the projection except the three 
interior parallels. 

With the beam compass set at the length of the developed merid- 
ional are between 42° and 44° for each meridian, plot downward 
along the meridians from L and M, from P and ©), etc., locating the 
intersections F”, G”, Н”, I’, ete. Then with the beam compass set 
at the length of the developed meridional are between 40° and 42° 
for each pair of meridians plot upward along the meridians from N 
and О, from R and S, etc., thus checking the locations of the inter- 
sections along the central parallel. In a similar manner locate the 
intersections of the meridians with the parallels of 41° and 43° by 
plotting 1° lengths of developed meridian from the extreme parallels 
and checking from the central parallel. Construct the three central 
parallels by drawing straight lines between adjacent points of inter- 
section with meridians or by drawing smooth curves through these 
points. 

Add the latitude and longitude designations of cach degree inter- 
section along the limiting meridians and parallels. Add the name and 
number of the sheet, the scale, the type of projection, and the name of 
the man making the projection and the date on which it was made. 
These may seem to be matters of minor detail, but the writer has 
noticed failure to include these data so many times that he ventures 
to call attention to their importance. 

The projection is now completed and has been constructed in an 
orderly manner, with a minimum number of settings of the beam 
compass and without making a single individual plotting of any of 
the small ordinates. The projection should be checked carefully by 
another cartographer. 


THEORY OF THE MODIFIED POLYCONIC PROJECTION 


Nomenclature—The practical cartographer is often confused by 
the nomenclature relating to map projections, largely because cartog- 
raphers and mathematicians of different countries use different sym- 
bols for the same thing. Except for one or two terms, the writer has 
used the nomenclature employed by the United States Coast and 
Geodetic Survey in its recent publications. The symbols used in 
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developing the theory of the polyconic projection, with their corre- 
sponding definitions, are as follows: 

a=semimajor axis of the earth or spheroid. 

b —semiminor axis of the earth or spheroid. 


419 19 
i: , i iib 
e=eccentricity of generating ellipse = S سو‎ 
i а; 
: 1 : , а= 
f —flattening of generating ellipse = ——— 
а 
"n ub 
n=constant= 
a+b 


Pm = radius of curvature of a meridional section. 
pa radius of curvature of a section normal to the meridian. 
ф = astronomic or geographic latitude of a point on the earth. 
Y = geocentric latitude of a point on the earth. 
Дф = difference of latitude between two points on the same meridian. 
\=longitude of a point on the earth with reference to Greenwich. 
AX— difference of longitude between two points on the same parallel 
or the angle at the pole between the meridians passing through 
these points. 
M - length of are of a meridian from the Equator to latitude ¢. 
AM - length of arc of a meridian between two parallels. 
L=length of an arc of a parallel from the meridian of Greenwich 
to longitude А. 
AL —length of an are of a parallel between two meridians, 
6=angle at the apex of the developed tangent cone between the 
central meridian and another meridian. 
l=slant height of the tangent cone or the radius of the developed 
parallel. 
x = abscissa of any point on a developed parallel with reference to 
the central meridian. 
y —ordinate of any point on a developed parallel with reference to 
the tangent to that parallel at the central meridian. 
Dimensions of the spheroid.—In the modified polyconie projection 
dimensions of the spheroid differing only slightly from those developed 
by Clarke in 1880 have been used, as follows: 


a=6,378,240 meters log a=6.8047008568 
b=6,356,560 meters log b=6.8032221507 


P 0.9066009432 log P 9.0085212938-10 

= 0.9932134400 log >= 9.9970425877-10 

e? = 0.0067865600 log e*—7.8316496930-10 | 
1 y | 

f=s57 199 log f—7.5313588078-10 


n = 0.0017024217 log n—7.2310671463-10 


jl 
h 
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Radii of curvature —lt is not necessary to compute the radius of 
curvature of a meridional section, as the meridional arcs are too long 
to permit the computation of their length by the approximate formula 
AM =pmA¢d. However, in case it is desired to find the values of 
Pm the following formula may be used: 


a(1—e?) 


Values of the radius of curvature of a section normal to the meridian 
(pn) are needed in the computation of x and y and must be computed 
for each fourth degree of latitude, 0°, 4°, 8°, ete. Values of p, are 
used in computing the lengths of the arcs of the parallel, but as the 
lengths of these ares are not needed in constructing or checking the 
projection, it is not necessary to compute the values of AL. The 
following formula is used for values of py: 


ү: а 
Pa (1-e’sin*¢ )ғ 
Values of p, and their logarithms for each fourth degree of latitude 
from 0? to 60? are given in the following table: 


Radii and logarithms of radii of curvature of section normal to meridian for each 
fourth degree of latitude from 0° to 60° 


[Values of рь in meters, based on Clarke spheroid of 1880] 


Latitude Po Log рь 
$ | 
0 6, 378, 240. 000 | 6, 8047008568 
4 д, 2 345. 318 6, 8047080207 
8 j, 378 6. 8047294026 
12 5 
16 
20 
24 
28 
32 R2 
36 05995 
40 3106023 
44 54131407 
48 


5162481 
8 


56 6, 303, 167, 653 4 
60 6, 394, 534.506 | 6. 8088089413 


Order of computations —The procedure followed in computing the 
lengths of the meridional ares and the values of the x and у coordi- 
nates is not as simple as for the American polyconic projection, 
because only the length of the standard meridians and the x and y 
values of intersections of the meridians with the upper and lower 
parallels can be computed by the formulas used for the American 
polyconie projection. Lomnicki, in the publication cited above, 
gives rigid formulas for computing the x and y coordinates of any 
point on the map, but these formulas are very intricate, and their 


98 FORMULAS FOR CONSTRUCTION OF POLYCONIC PROJECTIONS 


use is not advised. Lallemand, in the paper cited above, gives 
approximate formulas for the length of the central meridian and for 
the x and y coordinates of intersections of the meridians with the 
central parallel. These formulas in their general terms are intricate, 
and in simplifying them for application to the scale of 1:1,000,000 
Lallemand has apparently used the Hayford spheroid rather than the 
Clarke spheroid of 1880. "The writer has attempted to modify these 
simplified approximate formulas to apply to the Clarke spheroid of 
1880 and has given them below, following the formulas used in com- 
puting these tables. Lallemand’s formula for length of the central 
meridian (as modified) can be used without introducing serious errors, 
and the length of the other meridians can be computed with reason- 
able aecuracy by applying simple factors of magnification. "The 
writer has, however, further modified this approximate formula by 
giving a separate one for each meridian. Lallemand's formulas for 
. x and y (as modified) can be used for the coordinates of the inter- 
sections of the meridians with any of the parallels without introducing 
serious errors on the scale of 1:1,000,000. Besides modifying these 
to conform to the Clarke spheroid of 1880, the writer has given a 
separate formula for x for each of the five parallels. 

However, it seemed desirable to compute the tables presented 
herewith as follows: Compute the 1? lengths of the standard merid- 
ians 2? from the central meridian on the assumption that these 
lengths are exactly true to scale; compute the x and y coordinates of 
each meridian with the two standard (upper and lower) parallels; 
calculate the 4° meridional lengths for the central meridian and for the 
meridians 1° and 3° from the central meridian; subdivide these 4° 
meridional lengths into 1° lengths in the same proportion as the 
computed 1° lengths of the standard meridian bear to the 4° length 
of that meridian; and finally calculate the x and y coordinates of the 
points of intersections of the meridians with the three inner parallels. 
By orderly tabulation and use of computing machines the task was 
not difficult. The values were computed to tenths of a meter on the 
natural scale, which, while far beyond the needs of map projection 
on a scale of 1:1,000,000, may be useful in making computations on 
a larger scale. 

Lengths of the meridians.—The length of the standard meridians 2° 
from the central meridian is true to scale, and each 1° length may be 
computed by the following formula for the American polyconic pro- 
jection (see VIT, р. 13), it being sufficient for all practical purposes to 
use the first three terms only: 


AM; = ApAd— А, cos 2¢ sin Ag+ Ay cos 4¢ sin 2Аф 
— А; cos 6¢ sin 3AG+ ..., [XVII] 
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in which 


АМ, = length of arc of the standard meridian, expressed in meters. 


ф= Me do ¢,) = mean latitude of meridional arc. 

A¢ = ($s— фу) = arc of standard meridian, expressed in degrees. 
A= 111,132.1753 meters log = 5.0458398153 
A,=32,519.9882 meters log =4.5121503781 
A, = 34.6017 meters log = 1.5390974 
A, = 0.0458 meters log —8.66108 = 10 


Figure 9.—Computatibn of modified polyconic projection tables 
pro) 


The formula given above may of course be used to compute either 
the 1° or the 4° length of the standard meridian, by using Аф=1° or 
4°, respectively. 

After the x and y coordinates of the intersections of all the meridians 
with the upper and lower parallels are computed, the length of the 
central meridian and of the meridians 1° and 3° from the central 
meridian may be computed by formulas developed as follows (see 
fig. 9): 

In the right triangle В P,° Р,” 


АҮ, = J(AM;y- (AX; = AM, - i 
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Expanding the radical as а binomial series into terms which can be 
handled conveniently, we have 


EE (SRY EH GEM 


AM, = AY; ja — уу); 


but 
therefore 


АМАМ, [15 C) - (au) |b: 9601-- xvm 


Similarly, 
ГАХ гү 
АҮ.) 


— AY [1+5 ан) 5 (Sy ЭЕ гаа E <> 


This equation сап be solved easily by using the relation 
AY, = АМу,+ (,"" – ул) 


AM, = (AY; (АХ,) P= AY. 4/1 1+( 


ог 


Similarly, 


АМ; = A (AY3)*- (АХ)? = AY is Bis 


AM; AY; [2+5 (5 7) - des Y) rats, | fool [XX] 


This equation can be solved easily by using the relation 


or 


AY, — AM, (ya — yo?) 


After the 4? lengths of each meridian are found they may be 
subdivided into 1? lengths as follows: 'lake the difference between 
the 4? length of the standard meridian and the 4? length of each of 
the other meridians, divide these differences by 4, and subtract the 
results from or add them to each 1° length of the standard meridian. 
If the 4° lengths of a meridian are divided into four equal parts, as 
is the practice of most cartographers, the errors introduced are small; 
for example, in the belt between latitudes 40° and 41° the maximum 
error is 30 meters on the spheroid, or 0.03 millimeter on the scale of 
1:1,000,000. This difference can not be plotted, but if the sheets are 
compiled on a larger scale it may be advisable to subdivide the 4° 
lengths in true proportion. 

The 4° lengths of these meridians can be computed in terms of 
millimeters on the scale of 1:1,000,000 without introducing serious 
errors by the use of Lallemand’s approximate formulas, modified 
slightly to conform to the Clarke spheroid of 1880 and to the nomen- 
clature used in this paper, as follows: 
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Length of central meridian, 


AM, —444.40 mm.— 2.35 mm. cos 2 ф-—---------- [XXI] 
Length of meridian 1? from center, 

AM, —444.45 mm. — 2.30 mm. cos 2 ф—--------- [XXII] 
Length of meridian 2° from center, 

AM,= 444.50 mm. — 2.25 mm. cos 2 ф.--------- [XXIII] 
Length of meridian 3? from center, 

AM,= 444.70 mm.— 2.10 mm. cos 2 $........... [XXIV] 


Rectangular coordinates—In the modified polyconie projection 
each of the parallels marking the boundaries of zones of 4° of lati- 
tude is represented as the base of a right cone tangent to the spheroid 
along that parallel. Each 4° developed parallel is a circle with center 
on the prolongation of the central meridian and with radius /=p,cotd, 
and the origin of the rectangular coordinates of each parallel is the 
point at which the developed parallel intersects the central meridian. 

'The rectangular coordinates of the intersections of the meridians 
with the upper and lower parallels are computed in the same way as 
for the American polyconie projection. The tables presented with 
this paper were computed by means of the following rigid formulas 


(see X and XI, p. 17): 


х= p, cot ¢ sin (ЛА sin $)...-.--------22 [XXV] 
y =2p, cot ф sin? 14(A) sin $). --------- [XXVI] 


As each meridian on the modified polyconic projection is drawn as 
a straight line, whereas a true polyconic representation of each merid- 
ian except the central one would be а curve, owing to the constantly 
changing values of convergence, the usual formulas for the x and y 
coordinates сап not be used for the intersections with the interior 
parallels. For all practical purposes it is sufficient to caleulate the 
values of x and y for the intermediate intersections by dividing by 4 
the differences of the x and y values of the intersections of each merid- 
ian with the upper and lower parallels, adding one-fourth, one-half, 
and three-fourths of the x difference to the x value for the upper 
parallel (or subtracting them from the x value for the lower parallel), 
and adding one-fourth, one-half, and three-fourths of the y differ- 
ence to the y value for the lower parallel (or subtracting them from 
the y value for the upper parallel. If more accuracy is desired the 
values of the 4? differences in x and y сап be subdivided into 1? 
units in the same proportion as the 4? lengths of the meridians are 
subdivided. In this event it is sufficient to use the proportional 
parts of the standard meridian in subdividing the coordinates of all 
the meridians, and the following procedure may be used: 

Divide each 1? length of the standard meridian by the 4° length of 
that meridian and multiply the differences of the x and y values of the 
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ends of each of the other 4? meridians by the corresponding decimal 
fractions thus obtained. Subtract the resulting x increments for the 
lower 1? interval from the corresponding x values for the lower 
parallel; then subtract the x increments for the second 1° interval 
from the x values just obtained for the parallel 1? above the lower 
parallel, ete. Follow the same procedure with the y values, except 
that the increments should be added to the y values of the lower 
parallel. As the decimal fractions vary but slightly from 0.25, the 
calculations ean be simplified by applying one-fourth of the 4? differ- 
ence + the residual of the decimal fraction, as follows: 


"ES VI SS WP T.T- 373 = —0.24993365 = 14 — 0.00006635 


Т (aso o) 97 
а.) = Dr UE = 0.25006652 = 14 + 0.00006652 
In а map unit lying between latitudes 40? and 44? the maximum 
difference between subdivision of a 4? meridian into four equal parts 
and subdivision in true proportion is 1.38 meters in the x value and 
0.01 meter in the y value of points along the meridian 3? from the 
central meridian. These differences can not be plotted on a scale of 
1:1,000,000 or even on a seale of 1:500,000. However, in the tables 
presented with this paper the x values have been computed in direct 
proportion to the correct subdivision of the standard meridian. 
Lallemand's approximate formulas for the rectangular coordinates 
were developed by him for the x and y coordinates of the central 
parallel of the projection. The writer has modified these formulas 
somewhat, and as given below they may be used for the x and y 
coordinates of any of the parallels on a scale of 1:1,000,000 without 
introducing serious errors. In these modified formulas for x the 
five coefficients of cos ф apply to the five parallels of the projection, 
the upper coefficient applying to the upper parallel, etc. Ad is 
taken in degrees from the central meridian. Coordinates for 14? 
intersections may be computed by taking values of ДА = 16°, 1°, 
116°, etc. All values of x and y will be in millimeters on a scale of 


1:1,000,000. 
111.40 
I 11 37| | 


x(in millimeters) = ANÎ 1111.33 (cos $ —0.08 cos 3% | [X XVI] 
111 a 
| 11.40 


y (in millimeters) = AN [0.49 sin 2¢]__--------[ XX VIT]] 
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TABLE 1.—Coordinates for the projection of maps, scale sehet : 
| Ordinat t developed lel d 
ТӨТ М : : | rdinates of developed parallel an 
Abscissas of developed parallel | méridional distances 
Latitude - - = - —— 
of x ў | 
parallel Longitude interval | Merid- Ordinate 
I "HERO 5 > . A || Latitude and longi- torial of de- 
| tude intervals disti nes | veloped 
5 10' 15 20! 80° e parallel 
=+- | —— ==” = = - — — 
| 
WV Inches | Inches Inches Inches Inches | y Inches Inch 
00 3. 804 7. 609 11.413 15. 218 22, 827 5 3.779 0. 000 
10 ‚804 ‚609 | . 413 .218 10 7. 507 . 000 
15 ‚804 ‚509 413 .218 : o [15 11. 336 . 000 
20 "804 609 з 1217 For latitude 0° fon | 15.115 : 000 
25 18. 803 . 000 
30 3, 804 11.413 15.217 | 30| 22.072 000 
40 ‚801 413 ‚217 
45 . 804 .412 .216 E ZR 
50 E ‚412 . 216 5 0.000 
| | 10 . 000 
1 00) 3.804 7.608 | 11.412 |. 15.215 м 15 000 
10 | „504 ‚607 | 411 | .215 | For latitude 1° 150 ` 00L 
15 . 804 ‚607 ALL ‚214 25 | 001 
20 . 803 ‚607 | .410 .214 30 ` 002 
3.803 | 7.606 11.409 15.213 ——— —— 
. 803 | ‚606 ‚408 . 21 4 
‚803 . 605 .408 ‚211 10 0. n 
| . 802 . 605 .407 .210 | 15 | *001 
| | For latitude 2° 20 *002 
2 00 3, 802 7. 604 11.407 15.208 | 22.813 ОБ ` 002 
10 . 802 . 803 .405 .207 . 810 30 003 
15 ‚502 | . 603 .405 . 206 . 800 x f 
20 ‚801 . 603 .404 . 205 . 808 —_ 
30 3. 801 7.602 11.403 15. 203 22. § 5 0. 000 
40 . 800 . 601 . 401 . 201 i. 10 S . 001 
45 . 800 . 600 . 400 . 200 For latitude 39 2 joo 
50 . 800 . 600 . 399 . 199 | 2 . . 002 
К EST | | 25 | 18.804 . 004 
3 00 3. 700 15.197 30 | 22.073 | . 005 
10 ‚7090 ‚195 — 
15 ‚798 193 | 
20 ‚798 192 5 3. 779 0. 000 
10 7. 558 . 001 
30 15. 190 | 15 11.337 . 002 
40 187 20 15. 115 . 003 
45 185 25 18. 894 | . 005 
50 184 30 | 22.073 | ‚007 
| | 
4 00 | 15,181 ӨЛ алт T] | 5 
10 178 -767 5 3. 779 | 0. 000 
15 | 176 . 764 | 10 7. 558 ‚001 
20 17 ‚762 к zo 115 11.337 . 002 
Sd | For latitude 5 20 15.116 004 
30 | 7. 586 | 11.878 15. | 25 18. 895 . 006 
40 584 .376 | 30| 22, 674 . 009 
45 583 ‚374 
50 582 ‚378 = —H == 
: CD 
5 00 3. 790 7.580| 1L370| 15. | 10 D ТЕ A "m 
10 789 . 578 367 - 15 i 237 ` 003 
15 789 .577 366 For latitude 6° 20 15. 116 * 005 
20 . 788 .576 36 25 18, 806 1007 
f EUR 
sol 58.787 | 7574] 1L30| 15.148] 22.722 | 30). 22:075 -010 
10 ‚786 572 358 144 716 ||- -— Е 1 dan. 
45 . 785 571 356 | 142 712 L 
5 785 57 355 39 709 5 0. 000 
0 . 785 70 5 1 70 10 ` 001 
6 00 3. 784 7. 567 11.351 | 15.135] 22 For latitude 7° {15 dd 
10 783 565 .948 130 i | -005 
5 782 . 564 .346 | 128 25| 18,896 ‚008 
20 ‚781 . 563 344 125 30| 22,676 . 012 
= - ئ‎ — 
30 3. 780 15. 121 
10 ‚719 115 j 
15 ‚718 ‚118 . 660 
50 77 ‚110 . 665 
7 00 3. 776 7.552 11.329 15.105 | 22.658 || 
| 


6248°—29——4 
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А bscissas of developed parallel 
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Continued 


Ordinates of developed parallel and 
meridional distances 


Latitude —— — 
parallel Longitude interval мена. | Ordinate 
=. Pu d es — || Latitude and longi- Wd r of de- 
| tude intervals distance | Veloped 
"y 10° 15 20 30 КА parallel 
MAC Inches z d Inches Inch 
7 00 15. 105 58 5 8.779 0. 000 
4 . 100 649 10 7. 559 . 001 
5 .097 045 г ; „o J15 11. 388 . 003 
20 1094 641 || Forlatitude 7° aû | 15.117 1005 
ы 25 18, 800 . 008 
30 3. 772 11.316 30 22. 676 „012 
40 771 . 312 
45 0 
50 5| 3.77 0. 000 
8 00 10 T. . 001 
i К? o |15 Bi ‚003 
10 | For latitude 8 20 * 006 
15 25 . 010 
2 30 014 
30 | h - 
40 | A 
45 5 | : 0.000 
50 10 | 5 9 . 002 
EE о |15 | 11.339 . 004 
ZW For latitude 9 20 15. 119 1007 
09 25 | 18.808 ‚011 
iF 30 22. 078 .015 
20 — ыйы 
30 | 5 0. 000 
40 | x 10 . 002 
45 For latitude 109/15 - 004 
5 г 20 8 
ki 25 O13 
10 00 30 017 
10 
15 | | 3 
20 5 0. 001 
10 .002 
30 к t 15 5 
40 For latitude 115150 T 
s + 013 
о 
| 019 
11 00 SEU na м 
15 5 0.001 
: | 3 
"or latit: 2° 0 $ 
А! For latitude 1 20 1009 
40 25 014 
45 30 020 
50 - — 
12 (X 5 22 $ 5 3. 781 0.001 
0 11.105 22. 331 10 7. 501 . 002 
:159 -817 15 | 11.342 005 
15 310 || For latitude 13°{ 2 Mee UU 
20 $08 20| 15.193 .010 
2 ^^ 25 18, 008 015 
30 11.145 30 22. 684 022 
40 .137 — s S5 
45 ‚1% 
50 1130 5| 378 0. 001 
| 10 7. 563 . 003 
13 00 11.123 "or lati qo) 16 .343 . 000 
10 115 For latitude 14^450 15.194 * 010 
15 111 25 18. 905 .010 
20 * 108 30 | 22.688 . 023 


ы чоч чет Чул ай 
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TABLE 1.—Coordinates for the projection of maps, scale ужук Continued 


Abscissas of developed parallel 


Ordinates of developed parallel and 


meridional 


distances 


Latitude 
id Longitude interval 
5 10’ 15’ 20 

йг Inches Inches 

14 00 3. 602 11.077 
10 . 689 ‚068 
15 . 688 . O64 ‚752 
20 ‚687 ‚060 .747 
30 7.368 11.052 14. 736 
40 363 ‚044 725 
45 360 ‚040 719 
50 357 ,035 714 

15 00 3.6 7.351 11, 027 14. 702 
10 " 346 .018 . 691 
15 343 „014 685 
20 . 340 - 010 679 
30 3. 667 11. 001 
40 ‚664 10. 092 
45 .062 . 987 
50 661 ‚983 

16 00 3. 658 7. 316 10. 974 14. 632 
10 . 655 310 ‚965 ‚620 
15 . 653 . 307 ‚960 . 014 
20 . 652 . 304 .956 607 
30 3. 649 7. 207 10. 946 
40 . 46 291 . 937 
45 Ал 258 ‚9% 
50 ‚642 285 027 

17 00 3. 639 7.278 10. 918 14, 557 
10 036 272 . 008 544 
15 634 269 903 538 
20 633 .265 . 598 531 
30 
40 
45 
50 

18 00 3. 610 
10 616 
15 614 
2 613 
30 3, 600 
40 . 606 
45 . 604 
50 . 602 

19 00 3, 598 
10 . 505 
15 .503 
2 „501 
30 3. 588 7.175 10. 763 
40 ‚584 168 752 
45 .582 164 746 
50 „580 160 741 

20 00 3. 576 7. 153 10. 729 
10 . 573 ‚ 145 718 
15 . 571 141 712 
20 ‚569 ‚ 138 . 706 
30 3. 565 7. 130 10. 695 
40 . 561 122 . 683 
45 . 559 118 -678 
50 „557 114 ‚672 

21 00 3. 553 7. 107 10, 660 


i Ordinate 
= Latitude and longi- Мыз of de- 
tude intervals Kee veloped 
30 | distance | Parallel 
^| Inches Inch 
5 3. 781 0. 001 
| 10 . 008 
‚ 15 . 006 
121 || For latitude 14° (56 “OID 
25 . 016 
22, 104 || 30 ‚023 
оп | | 5 0. 001 
10 „003 
22. 054 | 5 : 
037 || For latitude 15° a oe 
028 25 ‚017 
019 30 „025 
22.002 ||— — — 
975 | 5 0. 001 
1 10 . 003 
For latitude 16° {15 007 
21. 948 20 -012 
1030 || 25 . 018 
‚920 || 30 . 026 
mu | — = 
21. 893 | 5 0. 001 
874 | 10 . 003 
34 || aw А „о |15 „007 
$65 | For latitude 17° (50 * “012 
25 18, 910 ‚019 
21.835 30 22. 692 .028 
weno. NY TEES YS 
806 | 
796 | 5 0. 001 
10 . 003 
5 Ч 
For latitude 185425 au 
25 020 
30 | . 029 
5 3. 0. 001 
10 Т. . 003 
1 1 15| 11. . 008 
For latitude 19° 4 20 15. ` olá 
25| 18. ‚021 
30| 22 . 031 
| 
5 0, 001 
о . 004 
н : Р 15 . 008 
|| For latitude 20° 20 15.133 * 014 
25| 18.018 . 022 
30 22. 700 .082 
5 3, 784 0.001 
10 1. 567 . 004 
x А 15 11. 851 . 008 
For latitude 21° 20 15.135 "015 
25 18, 910 ‚023 
30 22. 702 | .033 
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TABLE 1.—Coordinates for the projection of maps, scale зуу Continued 


Abscissas of developed parallel 


Ordinates of developed parallel and 


meridionnl distances 


3. 


362 


| 
| 
| 


20’ 


Inches 


14 


14. 


. 041 
. 082 


14. 015 
13. 998 
‚989 
.981 


18. 


‚945 


Latitude | E - 
of а А z 
parallel Longitude interval 
10° 15° 
tals Inches Inches | 
21 00 7.107 10, 660 
10 ‚099 | ‚648 
15 ‚095 ‚42 
20 ‚001 . 636 
30 7, 083 10, 624 
40 ‚075 ‚612 
45 .070 . 606 
50 . 060 . 600 
22 00 520 7. 058 10, 587 
10 5 . 050 75 
15 23 ‚046 
20 | 521 .042 
30 7. 033 
40 .025 | 
> 45 ‚020 
50 . O16 
23 00 3. 504 7. 008 
10 400 6. 999 
15 407 „995 
20 495 .990 | 
30 3. 491 6, 082 
40 486 .973 
45 ‚484 . 968 
50 .482 ‚964 
24 00 3,477 6, 055 10. 432 
10 $ 946 119 
15 471 941 .412 
20 468 937 „405 
30 8. 
40 
45 
50 
25 00 3. 450 
10 445 
5 443 
20 441 
30 
40 
45 
50 
26 00 3. 422 
10 ‚417 
15 .414 
20 412 
30 
40 
45 
50 
27 00 
10 
15 
20 
30 3.377 
40 .972 
45 ‚369 
50 367 


. 091 
. 083 


. 213 
.197 
.189 | 
.181 


.165 
‚149 


‚141 
. 133 


. 116 
.100 


006 
‚049 


963 


| 


| 


Ordinate 


| Latitude and longi- | Eo of de- 
tude intervals distance veloped 
30° : parallel 
n | 
: = 
A | Inch 
5 0. 001 
10 .004 
For latitude 21° (15 S 
| 25 023 
30 . 033 
| 
‚211 -m 
-199 5 8. 704 0. 001 
eT A 10 7. 568 ‚004 
21.17: 7 : оло 115 11, 352 . 000 
-150 For latitude 22° ү 15.137 015 
-137 25 | 18.921 024 
125 30| 22705 035 
21. 090 —— - -— 
oi Б | 3.785 0. 001 
n 19 10 7. 660 . 004 
15 11. 354 . 009 
2 15, 138 . 016 
2! 18, 92: . 025 
i 22. 708 . 036 
20. 945 5 0, 001 
918 10 . 004 
.905 || Farlati pap 115 . 009 
802 For latitude 24° 20 s “O16 
25 18. 926 ‚026 
90. 86! 30 22. 711 . 037 
811 || 3. 786 0. 001 
j 7.571 . 004 
2. 783 For latitude 25° T he A 
18. 028 . 026 
22, 714 . 038 
20.700 || = 
672 5 0.001 
КУУ! 10 57: . 004 
04: "n lati оңо ]15 11. 358 .010 
For latitude 26 20 15.144 1017 
20. 25 18, 930 ‚027 
30 22, 716 ‚039 
Р 5 0, 001 
20. : 10 . 004 
5 
For latitude 27? zr S Ша 
25 1028 
20, 442 E -010 
„412 
5 3.787 0. 001 
10 7. 574 . 005 
15 11. 362 .010 
20 15, 149 ‚018 
Р 2! 18, 036 029 
. 308 Н : . 020 
eer 30| 22,724 101 


20. 262 
. 231 
‚216 
‚201 


20. 170 
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TABLE 1.— Coordinates for the projection of maps, scale 949 9—Continued 


Abscissas of developed parallel 


Ordinates of developed parallel and 
meridional distances 


Latitude 
of : : ү 
parallel Longitude interval 
Е 
5' 10’ 15° 20 
|- — 
А, Inches Inches Inches 
28 00 3. 362 6.723 | 10.085 
10 35 ‚718 | . 069 
15 . 708 | . 061 
20 -702| — .054 
30 9. 946 6. 692 10. 038 
40 .341 ‚681 .022 
45 | . 338 ‚676 ‚014 i 
50 335 .071 10. 000 .942 
29 00 6.660 9. 990 
10 .649 . 974 
15 . 644 . 900 
20 . 639 . 958 
30 9.942 13. 
40 | | ‚925 А 
45 | | „917 
50 | | . 900 
30 00 3. 208 9. 893 13. 190 
10 292 .876 i 
15 289 . 868 
20 280 ‚859 
30 13. 12: 
40 101 
45 090 
50 078 
31 00 
10 ‚0 
15 ‚022 
20 13, 010 
30 12. 
40 
45 
50 
32 00 12. 
10 
15 
20 
30 12 
40 
45 
50 
33 00 12. 
10 
15 
20 | 
30 3. 176 6, 351 9. 527 12. 703 
40 170 330 . 500 679 
45 167 333 500 666 
50 164 327 491 ‚654 
34 00 3.157 12. 620 
10 151 . 605 
15 148 592 
20 . 145 . 580 
30 3, 130 12, 555 
40 .182 530 
45 129 517 
50 ‚ 126 . 505 
35 00 3. 120 0. 240 9. 360 12, 480 | 


30' 


Inches 


20. 


.139 
. 123 


. 107 


20. 


19. 


„851 
‚835 
.818 


„076 
. 044 
. 028 


. 980 
. 948 
. 932 
‚916 


170 


012 


884 


Ordinate 
Merid- of de- 
veloped 
parallel 


< "$4 | 
Latitude and longi- | 
tude intervals 


е Inches Inch 

5 3. 787 0.001 
10 | 7.574 .005 
11. 362 | .010 
.018 
.029 
.041 


For latitude 28° 


0.001 
. 005 
‚011 
-019 
. 029 
.042 


0. 001 
. 005 


For latitude 80° .011 


‚019 
‚030 
+ 043 


For latitude 81°{, 


15 11. 370 . 011 


5 3. 700 0. 001 
10 7. 580 . 005 
"or lati а 33° 
For latitude 33° 2 | 15, 161 1020 


For latitude 34°< 
.032 
. 046 


Б 
25 


5 3.791 0. 001 
S . 005 
9 
For latitude 350] D E 
25 18. 957 .033 

30 22. 749 . 047 
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TABLE l.—Coordinates for the projection of maps, scale уузу Continued 


Abscissas of developed parallel Ordines cover DUE and 
Latitude = = 
of ЕРЕС - 
р Longitude interval m Ordinate 
parallel a A Latitude and longi- eorn: of de- 
tude intervals distance veloped 
y 10 15 20 30’ f parallel 
ЕМ 68 - | 1 : p T. 
gx Inches Inches Inches Inches Inches А Inches Inch 
a5 00 3. 120 б. 240 9.360] 12.480] 18.719 5 3. 791 0. 001 
10 114 : 341 E 681 "е 7. 583 . 005 
15 .110 331 ‚441 662 || т Р ЕН үт. ‚874 1012 
20} 1107 321 1429 643 || Fordatitude35 55 | 35, 166 021 
25 18, 057 . 083 
30 3,101 6.202 18. 605 30| 22.749 047 
40 ‚004 ‚189 . 500 P 
45 . 091 .182 „547 || — û EIER 
50 ‚088 .176 . 528 5 3.792 0.001 
10 7. 584 . 005 
36 00 3. 081 6. 103 18, 489 15| 11.376 012 
10 ‚075 ‚150 1450 || For latitude 36% 20 | 15.168 *ool 
15 .072 .M3 430 25 | 18.961 “033 
20 . 068 .137 411 30| 22.752 "047 
| 
30 3.062 6. 124 9.186| 14.248 | | —— - 
40 ‚055 1 . 166 ‚221 | . 332 | = 
45 .052 -104 156 .208| — .312| Т 2 0.001 
" R n +o . 005 
50 - 049 . 097 - 146 . 195 ‚292 15 11.378 012 
| For latitude 37° 20 15. 171 1021 
37 00 3. 042 6. 084 9.126 | 12,168 25| 18.984 d 
10 . 035 .071 .106 .142 30| 22.757 peri 
15 . 032 .064 . 006 . 128 =" + Of 
20 . 029 . 057 086 ‚115 - - 
30 3. 022 6. 044 9. 006 12. 088 18. 132 5 0. 001 
40 .015 . 031 .046 - 061 . 092 у +005 
45 012 ‚024 ‚036 ‚048 -072 || For latitude 38°% 59 .012 
50 : 009 1017 1026 -034 -051 : 20 -021 
25 ‚034 
38 00 6. 004 9 12.007 | 18.011 30 . 048 
10 5.990 11.980 17.970 || _ — 
15 . 983 ‚996 „949 
20 ‚976 ‚964 .953 .920 5 3. 704 0. 001 
10 7. 588 .005 
30 2. 982 5. 963 8.04] 11.925] 17.888 | montati о115 | 11,382 012 
40 974 : 949 .923 "808 ‘gag || For latitude 89159 | — 15 176 022 
45 „97, ‚942 .913 .884 ‚826 25| 18.970 . 034 
50 . 908 . 935 . 908 . 870 ‚805 30] 22,765 “040 
39 00 2, 961 11.842 EUH CERA 
10 ‚954 .814 5 3. 795 ), 
15 1950 800 10| 7.589 vant 
20 -947 . 786 .6 ~ А °]}5| 11.384 E 
For latitude 40*| 20 15.179 A 
0 2.040 11.755 | 17.038 25| 18,074 1034 
) ‚933 .730 505 30| 22,76 
45 1929 E 1716 574 || " «uo 
50 . 926 E . 702 3 = 
40 00| 298| 5.837 11,674 | 17.51 AP 0.001 
x ; 3 7. 501 . 005 
10 „911 .823 А ‚645 ‚468 15| 11.386 019 
15 . 908 . 816 . 723 . 631 .447 || For latitude 4195) | 15 181 Ud 
A "T 779 7 on » 15 .02 
20 904 808 .713 617 425 25| 18977 . 094 
30| 2807] 5.704] 8.601 58 .3 0) 22.772 -049 
40 890 .780 670 ; .33 سا‎ 
45 886 -173 659 ; £ pe 
50 883 . 705 648 5 3. 796 0. 001 
10 7. 502 . 005 
41 00 2.875 5. 751 8.626 | 11.502] 17.253 || For latitude 427]19 | 11.388 .012 
10 868 736 605 473 “309 || For le 20) 15.184 . 022 
15 804 729 ‚594 458 187 25| 18.980 . 034 
20 R61 722 . 583 444 165 30| 22,776 . 050 
30 2.854 5. 707 8. 561 17.122 z 
40 846 ‚692 539 . 078 
45 843 . 685 528 . 056 
50 | 839 78 517 . 033 
42 00 | 2.832 5. 663 8,405 | 11.326] 16.989 
| 
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TABLE 1.—Coordinates for the projection of maps, scale +344>5—Continued 


Ordinates of developed parallel and 


Abscissas of developed parallel mar тат distances 


Latitude —— 
of s E á 
parallel Longitude interval \ ЕУ Ordinate 
ENT — . || Latitude and longi- ional of de- 
tude intervals distance veloped 
5 10 15' 20 30 | z parallel 
> * Inches Inches Inches Inches Inches ' | Inches Inch 
42 00 2. 832 5. 663 8.495 | 11.326 | 10.989 5 3. 796 0. 001 
10 „824 , 648 .472 } ‚9 10 i . 005 
15 . 820 . 041 . 401 : 5o]15 .012 
20 1817 633 1450 For latitude 42° 2) 22 
25 
30 2. 809 5, 619 8.428 | 11.237 | 16.856 30 
40 .802 . 004 . 405 . 207 .8 
45 . 798 . 590 .394 . 192 
50 . 794 ‚589 . 983 177 5 0.001 
0 Ё 
43 00 5, 574 8.360 | 11.147 | 16, | К 19 ne 
10 ‚558 .338 .117 | For latitude 43°} 5, 1092 
15 . 551 ‚326 ‚ 102 25 1035 
20 ‚544 ‚315 „087 30 . 050 
30 2. 764 5.528 8.202| 11.056 | 16.584 - 
40 „756 ‚518 . 269 ‚026 : "o 
45 1753 1505 .258| 11.011 ү s 
50 . 740 . 498 . 246 10. 995 15 10302 "012 
For latitude 449459 | 15 189 1022 
44 00 8.29 | 10.905 20 AES 7 
10 . 200 . 934 25 00 25.987 -035 
15 1189 1918 юш 0059 +050 
20 .177 . 903 — 
30 2. 718 5, 436 8.154 | 10.872 5 3. 798 9. 001 
40 ‚710 К? .181 ‚841 n SEES eri 
45 . 706 ‚418 ‚119 . 826 г itude 459115 1, due 012 
50 1703 „405 | 108 1810 Кот Тай 457130 E 1I8 .022 
| 25 | 18.990 . 035 
45 00 2. 095 5. 380 8.084 | 10.779 | 16.168 30| 22.789 . 050 
10 ‚687 .374 . 061 . 747 . 121 i 
15 . 083 . 366 . 040 -732 ‚098 
2 ‚679 .358 .037 .716 ‚074 5 0.001 
2 : 10 . 006 
30 2. 071 5.342 8.01 10. 685 я А 15 .012 
40 663 .4297 | 7.990 1653 For latitude 46% 20 1022 
45 ‚659 ‚310 . 978 ‚637 25 . 035 
50 ‚655 .811 . 966 ‚621 30 . 050 
46 00 2.047 5, 205 7.949 |. 10,500 | 15,884 || ——— — — — ЖТ 
10 ‚630 .279 . 918 . 558 . 837 5 3. 700 0.001 
15 . 635 .271 . 906 .542 . 818 10 7. 590 ` 006 
20 „631 . 203 . 894 ‚526 .789 . 15 11. 398 012 
For latitude 47° 20 15.198 * 022 
30 2. 023 5.247 7. 870 10. 494 15. 741 25 18, 007 1085 
40 ‚615 . 231 . 846 . 462 . 693 30] 922.797 ` 050 
45 .611 . 223 ‚834 . 446 . 660 
50 ‚607 .215 .822 . 430 . 644 || ———— 
47 00| 259] 5 7.798 | 10,397 | 15.506 ао бо 
10 ‚591 ‚77 ‚365 ‚547 15] 11400 “012 
15 . 587 . 702 . 349 . 523 | For latitude 48*150 | 15 20 '022 
20 .583 . 749 ‚332 . 499 Mc 
| 25| 19.000 . 084 
5 290 8 г, 
30] 2575| 5150] 7.725 | 10.300 | 15.450 BO | 22 801 2050 
40 . 567 ‚134 ‚700 . 267 . 401 E Е z 
45 . 563 . 125 . 688 .251 .376 
50 ‚ 559 ‚117 .676 . 235 . 352 5 3. 801 0. 001 
| 10 1. 601 . 006 
48 00 2, 55 5,101 7. 651 10.202 | 15.303 | ; 15 | 11.402 .012 
10 E 542 * 084 А 627 * 109 E For latitude 49°} 2p 15. 203 1029 
15 ‚538 .076 .614 .152 25 19. 004 034 
20 ‚534 . 068 . 602 . 136 30 | 22.805 049 
30 2. 526 5. 051 7.57 10.103 | 15.15 
40 .517 ‚035 . 552 . 070 . 104 
45 . 513 . 026 . 540 . 053 .079 
50 . 509 . 018 | . 527 . 036 . 055 
49 00 2, 501 5. 001 7.502 | 10,003 | 15.005 


50 
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TABLE 1.-—Coordinales for the projection of maps, scale sgġoo Continued 


Latitude 
of 
parallel 


51 


е 
кю 


2.450 


2.399 


.312 
. 308 
. 908 


Abs 


з of developed parallel 


Longitude interval 


10* 15 20 
| 
Inches Inches Inches 
5. 001 T 10. 003 


4. 746 | 7. 120 9. 493 
. 729 . 004 458 
720 ‚081 AL 
712 ‚068 42А 
1. 694 7.042 
677 ‚015 
668 7.002 
. 059 б. 989 
4.642 6. 963 | 
‚624 . 936 | 
615 923 
607 . 910 | 
4. 589 | 
„571 | 
562 
554 
6. 804 
777 | 
704 
750 
4. 482 6. 723 
464 . 097 
455 ‚683 
«446 670 
4, 428 6. 643 
410 . 616 
401 602 
.392 . 588 
4.374 | 
.350 
„347 
‚888 | 


4.320 
.801 


14. 702 
‚651 


14. 083 

‚031 
004 
978 


14. 
13. 
13. 020 

‚8734 


46 


13. 122 


‚068 
- 041 
13. 013 


12. 959 


56 


Ordinates of developed parallel and 
meridional distances 


А Ordinate 
Latitude and longi- MAS of de- 
tude intervals distance veloped 
1 | parallel 
- ' | Inches Inch 
5 3. 801 0. 001 
10 7. 601 . 005 
ы 5 402 ә 
For latitude 49° i 3 208 | d 
| 25 19, 004 | .034 
30 22. 805 . 049 
| 5 3. 801 0.001 
10 7. 003 . 005 
5 4 9 
For latitude 50? Ж d e Me 
25 19, 007 ‚034 
30 22. 809 . O49 
5 3, 802 0. 001 
10 ‚604 . 005 
» of 15 AC 2 
For latitude 51°. 5 ^Y 206 Кыл 
25 011 ‚084 
30 22. 813 ‚049 
5 3. 803 0. 001 
7. 605 „005 
5] E 11. 408 .012 
2 15. 211 
2! 19. 014 
30 | 22.817 
E ame б. n 
5 3. 803 
10 7. 607 
For latitude 53° zi n. EM 
25 19. 017 
30 22. 821 


5 0. 001 

10 ‚005 

7 А 540] 15 .012 
For latitude 54 20 | ` 021 
25 | .033 

30 | . 47 

5 3. 805 0. 001 

10 7. 600 , 005 

15 11. 414 .012 

20 15. 210 .021 

25 19. 024 . 083 

30 22, 828 . 47 

5 3. 805 0, 001 

10 з ‚005 

15 ‚012 

20 ‚021 

25 ‚032 

30 . 046 
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TABE 2.—Coordinates for the projection of maps, scale 441 
7 ^ ps, 439007 


: 
А bscissas of developed parallel | Ordinates ot, developed. гаган ma 
Latitude | — == = i е 
of : ; E | 
| Longitude interval | Ordin: 
arallel Я Р ig. | Ordinate 
X Latitude and longi- ae | of devel- 
tude intervals | distance oped 
oy rd 7 10 15 | Hstance | Parallel 
ME Inches Inches Inches Inches d Inches Inch 
0 00 3, 804 7.600 | 11.413 | 15,218 | 2j 3.779 0. 000 
05 | . 804 . 609 .413 -218 | 5 . 000 
0714 ; 804 009 1413 -218 A 647 ` 000 
10 1804 1609 1413 1218 For latitude 0° 4157 1000 
12 : 000 
15 3. 804 т.609 | 11.413] 15,218 | 15 : 000 
20 „504 . 609 .413 |  .217 
2214 ET 1609 1413 1217 же ү = 
25 ~ 804 ‚609 .413 2217 ow атн 0, 000 
3.800] 7.009] 11.413 | 15217| 22,826 || У 1; e 
-804 | . 608 .Al3 „217 | 4 10 n * 000 
37M) "ВО 608 -413 um E 1911 1% -001 
4 ‚804 .608 48 .217 | . 825 5 “001 
45 3.804 7.008| 1.412) 15.216] 22.825 || ——— ————|-— 
50 | | .804 . 608 „412 -216 ¿ 
5214 ‚804 7 608 .412 1216 1824 || 275 0.000 
55 -504 : 608 „412 126 -824 | 2 ds 
| k For latitude 2° 41077] А 
1 00 3.804 7.008 | 11,412] 15215| 22.923 | m ds 
05 . 804 1608 E .215 1273 . 001 
Orid  . B04 1607 41 1215 | 5 . 002 
10 .804 . 607 . AU 1215 ‚82 
Б 3,804 7.607} 11.411] 15214 214 0. 000 
.803 . 607 .410 .214 820 5 ^ oog 
-803 1607 „410 1213 .820 || For lati zo} 744 4 
808 1607 1110 103 Sao || аде ва 1001 
| 1214 1002 
30 3.803 11.409] 15,213 15 . 008 
35 | BOR ‚409 ‚212 1. 
8744] 803 : 409 .212 | 
40 |  .803 ‚408 ‚211 | 
7.005| 11,408 | 15.211] 22816 
. 605 | . 407 .210 „15 
-605 | 1407 210 "314 
. 605 | .407 . 200 .814 
2 7.604 | — 11.407 ZAKA 
2 | . 604 . 406 / ` G 
2| 60м ‚405 au Ó 
1603 1405 a лр $ 
GEOLOGII 2 
т.603 | 11.405 t3 ae 
30: .404 ر‎ 2 
‚60: .404 | О yh / 
. 602 + 408 e VY 
7.602 | 11.403 
; 601 .402 
. 601 . 401 
‚ 601 1401 
45 3. 800 7.600} 11.400 | .15,200| 22,800 | 
50 | .800 . 600 .399 1109 | 
52 ‚800 1509 ‚300 1190 
55 ‚799 . 599 ‚308 .198 | 
| | 
3 00 3. 709 7.598 | 11.398 | 15.197 | 22.795 || 
| 
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TABLE 2.—Coordinates for the projection of maps, scale gbor Continued 


Abscissas of developed parallel 


Ordinates of developed parallel and 


meridional distances 


Даша - 
о Е : 
Longitude interval Е Ordinate 
parallel ر‎ Latitude and longi- Morid- of devel- 
| tude intervals distance oped 
prd 5 TM! 10 15’ ~ | parallel 
e Inches Inches Inches Inches Inches || $ Inches Inch 
3 00 3.799 7.598 | 11.398 | 15,197] 22795 24] 3.779 0. 
05 .598 .307 . 196 ‚794 || 5 7, 558 . 000 
0734) . 508 .396 . 195 ? £ 7| 11.336 . 001 
10 5907|  .390|  .195 For abide Boing БИТЕ -001 
1214| 18.804 . 002 
15 7.507 | 1L 305 5| 15.193 15 22. 67 .003 
20 . 596 f :192 
2244 . 506 191 Te 
25 .595 .191 2144 3.779 0, 000 
5 7. 508 ‚000 
30 3. 707 7. 505 15. 190 714 а ` 001 
35 1797 594 1188 For latitude 4? (45? i P 002 
874 797 «594 .187 12441 18, 894 . 002 
40 .797 . 593 187 15 22. 073 . 003 
45 3.796 7.593 38 15, 185 — — 
50 796 .502 . 388 .184 p A 
Бо] 796 1502 -387 1183 244 3, T 0. an 
55 .706 . 591 . 387 .182 TW 10337 ` 001 
|| For latitude 5° (16/7 15 116 * 002 
4 00 15.181 | 22,771 121 y. 1003 
05 179 169 279 18,895 T 
0714 179 ‚768 15 22, 674 . 
10 178 Wt E emi ud © 
15 15.176 | 22.764 2) 3.779 0.006 
20 174 762 5 7. 558 3 00! 
2214 .174 760 : 7%) 11.337 ^ 
on : 173 759 For latitude 6° (0 15. 116 ` 002 
12% 18,896 . 004 
30 15. 171 15 22. 675 . 005 
35 . 160 ‘Lae CY 
3734 ‚168 573 || 
40 .168 751 
45 15. 166 
50 .164 
5214 . 163 
55 .102 
5 00 15.100| 22.740 
05 .158 1 
0744) . 157 
10 ‚789 578 . 567 ‚156 
15 3. 780 7.577 | 11.366] 15.154] 22.731 
20 ‚788 .576 . 364 ‚152 ‚728 
2214 ‚188 „576 .363 .151 | 
25 . 788 . 575 . 363 150 „725 | 
30 т.574 | 11,361] 15148| 22.722 | 
35 578 1359 . 146 719 | 
3734 „572 359 „145 717 
40 ‚572 . 358 „144 .716 | 
45 7.571} 11.356] 15142| 22.712 
50 ‚570 355 .139 . 709 
5214 .57 .354 . 138 . 707 
55 . 569 .353 ‚187 706 | 
11.351 2 
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TABLE 2.—Coordinates for the projection of maps, scale 43399— Continued 


„ча. sA | Ordinates of developed parallel and 
А bacissas of developed parallel | meridionn! Gistan cee 
Latitude |— = || 
оѓ ` Aro || 
parallel Longitude interval | мена. | Ordinate 
TEY = = те Latitude and longi- {onal of devel- 
| | tude intervals dist E Ў oped 
24 5 ты 10 15 distance | parallel 
qum Inches Inches Inches Inches Inches Inch 
5 00 3. 784 7. 567 11.351 15.135 | 22.702 А 0. 000 
05 . 183 . 566 . 349 .133 . 699 ‚ 558 . 001 
0714] . 566 ‚349 .131 .697 | 8 . 001 
10 ‚565 ‚348 .130 . 695 5, 116 .002 
: ы 18,896 ‚004 
15 3. 782 7.564 | 11,346 15.128 | 22,692 , 22, 67 - 005 
20 . 781 . 563 ‚34 .125 588 | 
2214 . 781 ‚562 . 343 ‚ 124 
25 „781 . 561 .342 .123 0.000 
30 3. 780 7.500 | 11.340 | 15.121 e 
35 ‚119 .559 . 338 .118 | * 003 
8714 77 . 558 . 338 .117 | 1004 
779 . 558 . 337 . 115 006 
45 3.778 11.335 | 15.113] 22 
50 ‚778 «338 .110 565 
5244 «777 .5 1332 1109 ch 
55 777 NO! . 831 ‚ 108 002 
7 00 3776| 1.552] 11.320] 15.105] 22 003 
05 2776 1551 1827 .102 - -005 
0714 .115 . 550 . 326 . 101 -007 
10 ‚715 «55 . 325 .10 
15 3.774 7.548 | 11.323 15.007 | 22.645 f 80 | 0.000 
20 ‚714 „547 .321 ‚094 . 041 5 . 001 
2214 778 . 546 ‚319 . 003 .639 | 2 I .002 
25 773 ‚546 .318 ‚091 .637 5. 11i . 003 
| БЫЛ 3, 86 . 005 
30 3.772 7. 544 11, 316 15.088 | 22.033 ‚б ‚008 
35 s TIA . 543 ‚814 .085 . 628 | = | es 
3714 ‚711 „542 „313 ‚084 .626 || 
40 ‚771 „541 „812 . 083 .624 || 
45 11,310 | 15.080 | 22.619 || 
50 . 307 .077 .615 || 
5214 . 806 .075 ‚613 
55 . 305 074 .610 
8 00 7.585} 11.308 | 15,071 22. 606 
05 . 534 . 301 . 068 . 601 
0714 .533 . 299 . 000 .599 
10 . 532 ‚ 298 . 004 .597 
15 7.531 | 11.296 | 15,001 | 
20 .529 . 204 .058 | 
2214 . 528 . 292 . 056 | 
25 „527 . 291 . 055 | 
30 7.526 | 11.289 | 15.052 
35 : 524 . 286 .048 
3714 .523 . 285 047 
40 „522 . 284 .045 
45 7.521 11. 281 15.042 | 22,563 
50 .519 .279 .038 ‚558 
5214 .518 .277 .037 ‚555 
55 517 | .270 .035 . 553 
9 00 7.516 | 11,274 15.032 | 20, 547 
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2— Coordinates for the projection of maps, scale 434 Continued 
proj J ps, 25000 


Abscissas of developed parallel 


| : 
| Ordinates of developed parallel and 
meridional distances 


Longitude interval 


5 | т 10’ 
| | 
Inches Inches Inches 
7.516 | 11,974] 15.0 
.514 oe ( 
‚5138 | . 026 
.512 „025 
7. 511 15. 021 
. 500 „018 
508 ‚016 
.507 „014 
15.010 
„007 
. 005 
‚003 
14, 909 
. 906 


7. 494 14, 988 
102 984 


Latitude and longi- | 
tude intervals 


For latitude 10° 


Merid- 
ional 


| distance 


Inches 
3. 780 


15. 118 
18, 808 
22. 678 


3. 780 


7. 500 
11, 340 
15, 119 
18. 899 
22. 679 


| 
| Ordinate 


of devel- 
oped 
parallel 


Inch 
0. 000 
‚001 
. 002 
. 003 
. 005 
‚008 


0.000 
. 001 
‚002 
. 004 
. 000 
. 009 


0, 000 
‚001 
‚002 
„ 004 
. 006 
. 000 


For latitude 12? 
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Тавин 2.—Coordinates for the projection of maps, scale тті у Continued 
E | | l ah | 1 ^ level 1 11 d 
аса aren 4 гайыш Ordinates of developed parallel anc 
as of developed parallel | meridional distances 
Latitude ——— ЕЗ - 
of Longitude interval i 
›агаПе1 EERO Г à iq. | Ordinate 
saga x = 4 Latitude and longi- се of devel- 
tude intervals | рте oped 
214! 5 ту; 10° 15. | | 1818106 | parallel 
oa Inches Inches Inches Inches 4 Inches Inch 
12 00 3. 722 7.444 11. 165 214| 3. 0. 000 
ü5 1 E 5 , 001 
074 20 7 tudo 129] 7% . 003 
10 720 For latitude 12 10 (05 
1214 | . 007 
3. 718 15 .010 
717 
ШО wd] Юй 93866) | oct... т "т. ый. 7 
716 0. 000 
3.715 . 001 
У ТРЕТА . 008 
714 | For latitude 13? 100г 
ri : 008 
пз 011 
3.711 | — 
710 | 
709 0, 000 
709 . 001 
" For latitude 14°. du 
13 00 3. 708 7.415 1L 123 . ЮЛ 
05 ‚70% ‚413 .119 ч 1 
0714 706 ‚411 17 012 
10 705 410 . 115 | "-—— а 
7.408 1.11 | 14.815 0. 000 
405 | . 108 ‚810 . 001 
404 . 106 . 808 . 003 
403 | . 104 ‚805 | ‚00% 
‚009 
30 | 3,700 11.100 | 14.800 .012 
85 | . 099 ‚096 EL 
3714 ‚698 . 004 
40 «007 . 092 
45 3. 600 11, 088 | 14, 784 22.177 
50 ‚695 „034 | 779 . 169 
5216 694 .082 | 777 | 165 | 
55 693 . O80 774 | - 161 
14 00 | 3. 602 11. 077 14. 769 22, 153 
05 091 .072 763 145 
075 690 070 761 141 | 
10 689 ‚068 758 137 
22, 129 
121 
116 
112 
22. 
22.070 
-071 || 
. 066 || 
| . 062 
15 00 3,676 | 7. 351 11, 027 14. 702 22,054 || 
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TABLE 2.— Coordinates for the projection of maps, scale 44155— Continued 


IQ p Ordinates of developed parallel and 
Abscissas of developed parallel | meridional distances 
Latitude |——— —— LR. 
of апо? іпёегу 
parallel Longitude interval Merid- Ordinate 
З К Latitude and longi- ional | of devel- 
, + we , |  *udeintervals | gistanca | _ oped 
2hy’ 5 714 10’ 15 | parallel 
en w Inches Inches Inches f Inches Inch 
15 00 11. 027 14, 702 22, 054 214 3. 781 0, 000 
05, .023 . 697 .045 5 7. 502 ‚001 
0746 . 020 - 694 ‚041 Ror lati zo] 7M 11. 844 . 003 
10 “ois | 691 *037 || Forlatitude 15 10 3 15 125 * 006 
1234) 18.907 . 000 
3.671 11. 014 | 22. 028 15 | 22.6088 | .012 
. 670 . 010 .019 | | 
. 669 ‚007 ‚015 = "1 
. 668 . 005 | 0. 000 
3, 607 11.001 | . 001 
665 10. 996 2 . 003 
1685 . 004 15, 126 . 006 
d n 2V4| 18,908 . 008 
-06 . 992 | 22, 090 . 013 
45 10, 987 | 14. 650 —— -| 
. 983 ‚ 644 I Р Dg 
. 981 | „641 tý 3, 782 0,000 
55 .978 . 638 | 7.504 . 5 
2 A ж 4 11.346 00: 
For latitude 17? (, 47| * 5 2 
16 00 3, 658 10.974 | 14,032| 21.948|| ^ "^94 ng | 15128 ‚0% 
05 . 656 . 969 ‚626 -939 | 1234) 18,910 010 
0714 | 1967 ‚623 „ЖИ 15 22. 092 . 014 
10 | . 905 .620 .930 P , ^ 
15 7. 307 10, 960 14. 614 21, 920 214 3. 0. 000 
20 .904 ‚956 . 607 Mot 5 T. . 002 
2215 . 302 „ 004 ‚907 ] { go} 744) 11. . 004 
95 301 1601 192 || For latitude 18°) 19°*) — 15. 129 10% 
| | 1240] 18, 912 ‚010 
30 7.297 | 14. 505 21. 893 15 22, 604 „015 
35 2 . 589 
3714 ‚ 29€ | = E к 
40 ‚ 291 ‚937 ‚582 
45 | (C 10, 932 14. 576 
50 .U27 „570 
5215] 
55 | 
17 00 | 3. 039 7. 278 
05 . 038 ‚275 
7 ‚637 .274 
10 .836| „272 | 
| | 
15 10, 903 | 
20 . 898 | 
2214 . 890 
25 „508 | 
30 Í 14. 518 
35 „511 
3734 . 508 
40 . 505 
I I 
45 7. 240 10. 873 14, 408 7 
50 . 246 ‚86 „401 7 
5214 ‚244 . 866 | . 488 2 
55 . 242 ‚8063 -484 . 721 | 
18 00 3. 619 7. 239 10.858 | 14,478 | 21.716 
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Tastu 2.—Coordinates for the projection of maps, scale zvbvv 


Continued 


жк ——————————— و ا‎ Tr 


Ред A Ordinates of developed parallel and 
Abscissas of developed parallel meridional distances 
Latitude | - 
of ۴ 1 
Longitude interval | feria. | Ordinate 
Parallel = зү. PEP: e = ___|| Latitude and longi- se i of devel- 
tude intervals distance | Ped 
214 v ту 10 15 * parallel 
— ا‎ — — - — — 
| 
Hd Inches Inches | Inches ^ | Inches Inch 
18 00 3, 019 14.478 | 21.716 214 3. 782 0. 000 
05 „618 „471 . 706 5 . 002 
0714 ‚617 . 467 . 701 || aH jo] 714 ‚004 
10 1616 1464 1696 Forlatitude 18 10 ` 006 
4 1214 ‚010 
15 3. 614 14.457 | 21.686 15 10158 
20 ‚613 . 450 . 675 
2216 .612 .447 ‚670 
25 . 611 „443 ‚ 665 | 0.000 
! . 0032 
30 3. 609 7.218 14. 436 Р eel rae 
35 . 607 "215 .499 | For latitude 19° M 3 соо 
3744| ‚606 ‚218 ‚426 1914 “oll 
40 | .606 ‚211 ‚422 is 1015 
45 3, 604 7. 208 10. 811 14. 415 -— — - - 
50 . 602 .204 . R06 . 408 
5214 . 601 .202 . 803 .404 0. ie 
55 . 600 .200 . 801 .401 ы 004 
For latitude 20° ` 007 
19 00 3. 508 7.197 14. 304 21. 591 || "011 
05 . 597 .193 ‚387 5f 018 
714 . 506 ‚192 7 ‚883 | t ) 
10 . 605 .190 . 785 „379 569 ||- ж аЗ 
15 3. 503 7. 186 0. 000 
2 182 . 002 
. 181 Vor Tati 91° . 004 
179 For latitude 21 ` 007 
.012 
7.175 .017 
171 | 9 
170 
168 
7. 164 
100 
158 
157 
7.153 
149 
147 
145 
7. M1 
‚138 
136 
134 
7. 130 
126 
124 
122 
45 8,559| 7.118 
50 . 557 114 
52% . 556 .112 . 669 
55 | — .555 ‚10 ; 666 
9 | 
“А 00 | 355 7.107 | 10.660 
| 
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TABLE 2.—Coordinates for the projection of maps, scale сузу Continued 
"S H ы 1 Ordinates of developed parallel .and 
Abscissas of developed parallel | meridional distance 
Latitude | — -——- 
of : e б M 
parallel A = Yu CESEN — Latitude and longi- Мад, comets 
1 Е tude intervals dee са | oped 
217 5 ne 10° 15 distarî parallel 
= = | Я > 
| | | 
олуда | Inches Inches Inches Inches || < Inches Inch 
21 00 7, 107 10. 660 14, 0 2\4 0.000 
05 . 108 { 8 5 | . 002 
0744 . 101 | T TM .004 
10 ˆ 099 | For latitude 21° 10 * 007 
| 1214 .012 
15 7.095 14. 15 .017 
20 . 091 : 
2214 . 089 = I 
25 per 214 0. 000 
30 10.624 | 14 P d - 002 
30 | ‚62 4. 714 y 
35 618 1 For latitude 22° 10 : : de 
37И 015 124 1 -012 
40 -612 18 22.705 | 1017 
45 14, _ —|— 4 
5244 л 214 0. 000 
b 5 | . 002 
: 714 d 
| Forlatitude23 ° {10 1 ‘On 
22 00 7. 058 14. 121 Ar 
5 | 054 ^ 20% -012 
2 *052 15 | 22.708 .018 
10 . 050 E 
15 14. 001 21. 137 215 0. 001 
20 . 083 125 5 . 002 
2214 .079 118 1do 24» | 77$ . 005 
25 7 075 112 || Forlatitude24° 45 1008 
| 
il 1214 .013 
30 14. 066 21. 099 || 15 .019 
35 . 058 087 || 
8714 054 080 || 2 
40 049 074 || 
45 21 | 
50 
5214 
55 
23 00 10. 511 14. 015 21. 023 
05 05 .007 | .010 
0714 ) | 502 . 002 .003 | 
10 . 499 6. 990 .498 13.998 | 20.997 
15 6.905 | 10.492 | 13 20. 
20 ( 485 
2214 482 
25 470 
30 3. 491 6. 982 20. 945 || 
35 ‚489 | .977 .931 |l 
3714 ‚487 „975 ‚925 
40 ‚486 973 . 918 | 
45 3. 484 6, 068 10. 452 20. 905 
50 . 48 .446 | 
‚48 ‚42 
E" „439 | 
24 00 8.471 | 955 10. 432 13. 910 20. 865 
| 
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TABLE 2.—Coordinates for the projection of maps, scale 43143— Continued 


A bscissas of developed parallel Ратова col developed. рага sud 
: Latitude |.—————— — — ——— — - —— 
ч of A E É | 
= Longitude interval | Ordi 
nrallel а. | Ordinate 
5 ессе авала. Merid- | of devel- 
| | | tude intervals distance | oped 
2W/ 5 ТИР 10’ 17 | 9279 | parallel 
e | | | 
rem ze re 3 - а — | 
Ss, 2 Inches Inches Inches Inches Inches | ^ | Inches | Inch 
24 00 8.477 6. 955 10. 432 13 20. 865 | 214 3. 185 | 0. 001 
05 ‚475 .950 ‚426 Е 51 | 5 ; | . 002 
0714 .474 М8 | .422 | LINDE Ie 1 | 1005 
10 "473 1046 419 | | For latitude 24 10 | 15.140 | ` 008 
| | 1214, 18.920 .013 
15 3.471] 6.941 10. 412 20. 824 15 22.711 | .019 
» 20 ‚468 .937 . 405 . B1 || 
0 2214 . 407 ‚935 . 402 804 LT — 
2 25 | . 466 +932 . 398 797 || 0.001 
30 3.4641 6.928] 10.392 20 *002 
R D pu . dac . Oe 20. = 
р 35 ‚462 - 922 . 985 : For latitude 25° | E 
7 3714 .400 .921 .381 | "013 
40 459 .919 | ‚378 019 
= | ‚01% 
А 45 6.914 10. 371 20. 74 - 
: 50 . 909 . 364 28 
2 5214 1007 . 361 0. 001 
4 ee M 957 . 002 
ў 55 .905 .357 | аи 
8 For latitude 26° 009 
d 25 00 3.450 6. 900 10.350| 13.800 dni 
05 ‚448 i . 343 | . 791 090 
- 714 MT .840 .T86 ri 
10 ‚445 .336 .782 ЭШ. ш>... it t. 
1 
4 15 3.443 0. 001 
20 | 441 M 
3 2234) 4410 For latitude 27° “009 
3 25 438 y 
) | { 
30 3. 436 6. 872 10. 308 13, . 020 
35 „434 . 867 . 301 " Е: 
aj 432 . 805 .207 | 
40 . 41 .862 | . 294 
45 3.420 | 10.286] 13.715 
50 ‚426 270 706 
5214 276 ‚701 
55 272 ‚606 
26 00 3.422 | 6.848 13. 686 
05 ‚419 . 838 4 
0714 418 . 836 
10 ‚417 . 834 
15 3.414 6. 820 13. 657 
20 ‚412 ‚824 ‚618 
2214 ‚411 ‚82. ‚643 
25 ‚409 .810 .638 
30 3.407 | 6.814 10. 221 13. 628 
35 .405 | 809 .214 . 618 
3714 408 . 807 .210 ‚618 
40 .402 . 804 . 206 . 008 
45 6. 709 10. 109 
50 794 191 
5214 702 . 188 | 
55 ‚789 184 
27 00 3. 392 6. 784 10. 176 13. 560 
, L 
6243? —29. 5 
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—Coordinates for the projection of maps, scale 43153— Continued 


of 
parallel 


97 
27 


Latitude | 


ssas of developed parallel 


| 


| 
| 
| 


Ordinates of developed parallel 
meridional distances 


Longitude interval 


Inches 
8.392 | 


Inches 
6. 784 


| 
| 
10. 085 18. 446 
77 | 136 | 
073 „431 | 
069 „426 | 
| 
10. 14, 415 20. 


6. 19. 
6.611 9.917 19. 825 
. 606 | „518 
„03 810 
| D 


„001 | 


nnd 


[ 
а. | Ordinate 
Latitude and longi- Mu. of devel- 
tude intervals dienes oped 
я parallel 
/ Inches Inch 

214 3. 787 0. 001 
5 7. 573 ‚002 
‘or latitude 272) 726] 11.300 . 005 
| олай шоо здау Бая 10009 
1214 18, 934 . 014 
15 22, 720 | + 020 

215 0. 001 
5 . 002 
лаве) TA ‚005 
l'or latitude 2 10 * 009 
1214 ‚014 

15 ‚021 
! -L = 

214 3. 788 0. 001 
5 7. . 002 

` i t,o} 7% 1, 362 ‚005 
For latitude 29? 4,6? 5 De 
1 . 015 

‚021 

P 3. 788 0. 001 
7.577 ‚002 

1 11. 365 ‚005 
15, 153 ‚010 

2 18. 042 . 015 
15 22. 730 „022 
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TABLE 2.—Coordinates for the projection of maps, scale 45344— Continued 


| Abscissas of developed parallel | of develor 1 and 
| | meridional d 
Latitude | === a o | т ? 
of : ее. 
parallel | Longitude interval | | s Ordinate 
Жаа! of devel- 
| Д oped 
| 214^ 5 | Tle! 10’ 15 | distance parallel 
[ee В 4 3 ees و‎ eee | ons i 
NES Inches Inches | t Inches Inch 
30 00 3. 208 9. 893 (2 3. 7 0.001 
05 ‚884 | 7 002 
| For latitude 2 11 . 005 
Е: r latitude û 15 010 
vos | 18 015 
18. 157 19. 735 | 22. 023 
‚46 . 719 || 
| .140 .710 ||- Tae — 
. 135 . 702 0, 001 
002 
18. 10, 685 
: "068 || For latitude 31° 005 
-107 | ‚660 || € 
-101 | ‚652 | 1022 
13. 090 — —— 
| „078 
.073 0. 001 
„067 . 002 
T - 490] 7 . 006 
"or latitude 32?(,7^ 7 
31 13. 056 TENE: 10 - 010 
* 044 1214 . 016 
‚039 | : „022 
.088 | L ==. 
13. 022 3. 790 | 0. 001 
.010 . 003 
. 004 For latitude 33° . 006 
12 909 For latitude ` 010 
„016 
.023 


45 6.476 9. 714 | 12, 053 
50 170 706 | 941 
5214 108 . 701 935 
55 105 897 029 
32 00 
05 
0714 | . 900 
10 | ‚894 
15 12. 882 
20 „871 
22! . 865 
25 . 644 .B50 
a0 2, 19, 2 
35 | 
3714 А 
40 к 
| | 
45 3. 203 6. 400 9. 608 12. 19. 217 
50 . 200 ‚400 ‚600 199 
52.4 198 . 307 505 190 
55 197 | 591 ‚181 
| 
| 
33 00 3. 194 6, 388 9. 582 12.775 | 19.163 | 


9 


= 


TABLE 2.—Coordinates for the projection 


of maps, scale тууу — 
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Continued 


: Ordinates of developed parallel and 
Г жү: - 1 paralle 
Abscissas of developed parallel | meridional distances 
Latitude = = 
of " Р | 
Longitude interval | Ordi 
parallel iq. | Ordinate 
I ww. _|| Latitude and longi- Meri of devel- 
| tude intervals айана ореа 
214' 5» Tw 10’ 15 | = parallel 
M Ld Inches Inches Inches Inches ' | Inches Inch 
33 00 3.194 | 6. 19. 163 214 3. 790 0. 001 
05 , 191 . 145 5 7. 580 ‚003 
0714 ‚180 ‚136 ты 11. 370 .006 
10 | 2188 | 1127 | For latitude 380| 15.161 010 
1214 18, 951 ‚016 
3,185 6. 19, 100 15 22, 741 ‚023 
‚ 182 . 001 
‚180 УЙ га жу үч теч - 
.179 .073 214 3. 791 0. 001 
3.176 12. 708 19.054 5 . 581 . 008 
9. HS T03| 319.054 | T ‚372 . 006 
„173 ; :036 || For latitude 34° 10° 3 5103 ` 010 
171 8 .027 1214 954 ‚010 
.170 079 018 15 2. 745 023 
45 3.167 - т = 
as) 1ш ш зт] ош 
55 160 5 7. 583 ‚003 
a s : Té 11,314 . 006 
| For latitude 35° 19 15, 166 010 
EE 21$ 18.957 1016 
кл 15 22. 748 . 023 
714 
10 — 
15 | 214 3,702 0. 001 
20 | | 5 7. 584 . 003 
9014 , 7M 11. 370 ‚006 
25 2 Far latitude 36° 10 5. 168 010 
9 121 j ‚016 
30 15 ‚024 
35 
3714 
40 | 
45 
50 
5214| 
55 | 
35 00 3. 120 
05 min 
0714 ‚115 
10 „114 
15 3.110 
20 . 107 
2214 . 106 
25 . 104 
30 3. 101 
35 ‚098 
3718 . 090 
40 ‚0094 
8. 001 


18. 480 
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Taste 2.—Coordinates for the projection of maps, scale 43144— Continued 


Abscissas of developed parallel Ordinates of developed parallel and 
meridional distances 
Latitude |— = — ———l- Se — — 
of ritude intervs : 
parallel Longitude interval t Merid- Ordinate 
m — — — . || Latitude and longi- | ^ ional- | of devel- 
| | | tude intervals lists hee | _ oped 
эмг 5 Tig! 10’ Ww | distance | parallel 
a us. Inches Inches che : Inches € Inches Inch 
36 00 3. 081 6.163 12. 3: | 21.4 3. 792 0.001 
05 | ‚078 .156 | | | . 003 
0714 „077 .153 Ames am . 006 
10 1075 1150 || For latitude 36° | ү : 010 
| 1214 . 016 
15 6. 143 15 . 024 
20 .137 
2214 .134 | SI 3A реч 
25 | ‚130 214 3.7908 0. 001 
30 6. 124 РРА н 
45 1117 For latitude 37? И 
9714 14 i ! { * 01 1 
974 Ф| ‹ ‚017 
40 | dl 56 | .024 
6. 104 9. 156 18. — a 
097 146 
004 141 Ыы? 001 
. 001 136 | » O08 
For latitude 38° 2 x 
37 3.042 9. 126 | 18. UH 
039 .116 “OF 
037 ET , 024 
035 106 ад = = 
15 | 3.032 6. 064 9. 000 12, 128 18. $i 0. 001 
| ‚029 „057 O86 | ‚115 i . 588 . 008 
.027 ‚054 ‚081 108 Por " 1290] Thy 382 . 006 
1025 “081 O76 "102 For latitude 39 4 ton 
| | -017 
30 3. 022 6. 044 9. 066 18, 132 . 024 
35 .019 .037 | 056 uc " jos 
8744 - O17 . O84 . 051 .102 
40 | . 015 .031 . 046 .002 
45 3. 012 0. 024 9. 036 12. 048 18.072 
50 | . 009 | 017 026 034 ‚051 || 
.007 | 014 021 027 ‚041 
55 ‚005 „010 . 016 ‚021 «081 
| | 
38 00 3. 002 6.004} 9.005 12. 007 18.011 | 
05 2. 998 5. 997 : 11. 994 17. 900 
0714 007 993 | ‚987 . 980 
10 995 990 | . 980 .970 
15 2, 002 5. 98: 11.906 17.949 || 
20 . 988 | .953 . 29 | 
2214) ‚986 | | | „#46 9| 
25 985 ‚969 | „939 | 908 || 
| | 
30 5. 8. 944 11.925 388 | 
45 . 934 .911 | 
3716 . 028 .905 
40 . 928 ‚598 
5, 942 8. 913 
| 935 . 903 | 
| 932 - 897 | 
. 028 802 
39 00 2. 901 5.921 8.882] 11.842 17. 763 
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TABLE 2.— Coordinates for the projection of maps, scale +545,— Continued 


“ 


| 
PE jr E r A ТТЕ, = Ordinates of developed parallel and 
Abscis of developed parallel | meridional distances 
| 
Latitude = کڪ‎ Д 
of Longitude interval | к 
parallel ongitude interva | | Мена: Ordinate 
E 3 = __|| Latitude and longi- | Зол? of devel- 
| | tude intervals | ‘distance oped 
2% 5 7 10” 15^ | Stance | parallel 
РА К Inches. Inches *| Inches Inch 
é 00 8, 882 11, 842 3 . 00 
05 . 871 | 3 t 003 
07a .B66 2 a 1 ago ‚006 
10 *861 2 For latitude 39 “oll 
.017 
8. 850 17. 701 . 024 
. 650 
. 669 || — 
659 | 0. 001 
004 
17. 638 | 
` g17 || For latitude 40° m 
$506 | < 017 
709 ‚025 
{ 0. 001 
. 003 
7 А 006 
For lati e41? e 
| or latitude 41 011 
‚017 
‚025 
0.001 
003 
| T РУ у. . 006 
|| For latitude 42 ton 
.017 
.025 
| F кт а T او‎ e 
| 
41 00 
05 
07.4 
10 
15 
20 
221 
25 
30 | 
35 
3714 
40) 


2. 832 
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TABLE 


Latitude 


of 
parallel 
о 7 
42 00 
05 
0714 
10 | 


43 


2.— Coordinates for the projection of maps, scale 


Longitude interval 


13 b00 


Ordinates of developed 
| meridional distanc 


Latitude nnd longi- 


Inches 


[S] 
4 


2, 095 | 5, 


1200 


8,180 
„177 
‚171 
. 166 


10° 


Inches 
11. 326 | 


10. 826 
‚810 
‚802 


‚794 


10.779 


| tude intervals 
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—Continued 


Merid- 


jonal 


distance 


parallel 


and 


Ordinate 
of devel 
oped 
parallel 


3 
4 For latitude 42° 


Tnche. 3 


Inch 
0, 001 
. 003 
„006 
.011 
017 
‚025 


| For latitude 


> | For latitude = 
1 12 


p 
36 


15. 187 
18, ЭК 


0. 001 
. 008 
. 006 
„011 

4 .017 

‚025 


0.001 
„003 
006 
“011 

‚017 
„025 


0. 001 
. 003 
. 006 
„011 
‚017 
.025 
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TABLE 2.— Coordinates for the projection of maps, scale 4«1sy— Continued 
EE - ———— ein a 
" Ordinates of developed parallel and 
A |Issns ye 8 aral ian A 
Abscissas of developed parallel meridional distances 
Latitude |— — ——áÓ 
of f А 
Longitude interval Ordinat 
arallel | А ;1. | Ordinate 
T E EUT: Я > || Latitude and longi- с | of devel- 
| | | tude intervals distans | oped 
2145 5 76 10’ 15" 2i: | parallel 
Е Inches Inches | ^| Inches Inch 
45 8, 084 10. 214 3.798 0. 001 
. 072 | 5 . 008 
. 066 | | " zo] TY . 006 
061 | For latitude 454,6 E 
| 1214 .017 
9| 10. 16. 098 | 15 „025 
| 74 || 
| ‚062 
5| . 051 214 3. 700 0, 001 
BUM ia TROA || 5 7. 897 . 003 
5.04] 10. ^ Usi ШЕЛ 11, 396 . 006 
-002 | „= 003 | | For latitude 46° 10 15. 195 “oll 
7. 996 | 15. 991 1216] 18, 004 ‚017 
990 980 15 22. 192 .025 
> |. mend 2 
215 3. 799 | 0.001 
5 509 . O08 
714 ap 
|| For latitude 4794, ^^? П. 308 « 006 
4 00 2/847 AEN 10 15. 197 .011 
4 05 ^ 043 d E 1214| 18.907 ‚017 
07\ ; 641 Ў ‘ | 15 22. 796 . 025 
3 10 639 .837 ||- —— iur 
5 | 10, TE | 214| 8.800 0. 001 
90 5 7. 600 . 003 
2014 | y uso]. 7 11. 400 . 006 
5574 f For Intitude 48 10 15. 200 ton 
1214 19, 000 | ‚017 
15 22.800 . 025 
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TABLE 2. 


Coordinates for the projection of maps, scale 4 


OF POLYCONIC PROJECTIONS 


67 


Ei 1 
słyo Continued 


Latitude 
of 
parallel 


48 


49 


50 


Abscissas of developed parallel 


Inches 


Longitude interval 


5 | TÉ 10 
| | 
| 
Inches Inches 
5.101 | 10, 202 
093 | 185 
. 088 177 
. 084 | 169 
5.076 | 10. 152 
‚068 . 136 
„064 .128 
„000 .119 
5, 051 10. 
,U43 | 
„030 
‚035 | 
5, 026 10. 053 
‚018 10 
‚014 028 
‚010 020 
5, 001 10. 003 
4. 903 1 i] 
. 989 
. 985 | „477 
4.976 r^ 9 
905 
964 
960 


05 


+716 


9. 699 
. 682 
‚674 


005 


9. 648 
. 631 
.022 


. 614 


0. 596 


15’ 


. 904 
.892 


14. 305 


14. 920 | 


Ordinates of developed parallel and 
meridional distances 


Latitude and longi- 
tude intervals 


Merid- 
ional 
distance 


Inches 
3, 800 
7. 600 
11. 400 
15, 200 
19, 000 

22, 800 


Ordinate 
| of deval- 
| or ed 
parallel 


Inch 
0. 001 
. 008 
‚00% 
‚011 
017 


. 026 


3. 801 
Т, 601 


3. 801 
7. 603 
11. 404 
15. 205 
19, 007 


0. 001 
MISI 
. 006 
. 011 
‚017 


„025 


0. 001 
. 003 
. 006 
. 011 
‚017 
‚025 


0.001 
+ 003 
‚006 
01 
‚017 
‚024 
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Taste 3.—Coordinates for the projection of maps, scale 43133 


Lati- 


Abscissas of developed parallel 


Ordinates of developed parallel and 
meridional distances 


. 905 


2. 305 


8, 641 


tude of Longitude interval Ordi- 
arallel Тегїа- 
Da - = 5 Latitude and longi- n De 
| |  tudeintervals | aistan a 
i wy | 2 Bag’ 5 ти’ istance | veloped 
3 s An" | parallel 
9 wa Inches Inches Inches Inches Inches , Inch 
0 00 2. 306 5.704 | 8.646 | 1L | 0.000 
p . 306 . 704 ‘ . 000 
. 306 „764 . 000 
. 306 * 5 . 000 
. 306 * > For latitude 0° 64 . 000 
Th .000 
10 5. 764 8. 646 11. 10 . 000 
14 764 .646 1214 . 000 
1214 764 646 15 . 000 
15 . 306 764 ‚646 
Т . 806 764 . 646 ¬ 
18%4 . 406 764 . 646 14 2. 863 0.000 
h PS “е 2% 5. 725 ‚000 
2.306 5.764 | 8.646} 1. 3M 8. 588 * 000 
‚306 764 640 | 5 11. 451 . 000 
306 164 - 646 For latitude 1° 61] 14.313 . 000 
- 306 704 + 646 "id 17.176 . 000 
+ 806 -764 646 | 10 | 22.901 . 001 
er E 1214] 28. 626 . 001 
2. A 5 u 15 | 34.352 . 001 
. 306 704 — 
. 300 . 764 
1306 1164 І) 2.863] 0.000 
21$| 5.725 . 000 
2. 300 5,764 ЗАЦ 8.58 . 000 
. 306 . 764 х 4 no) Saja . 000 
1306 764 For latitude 2?( 644) 14, ‚000 
$ Ти] 17. ‚001 
10 22 „ 001 
121 28, 6: . 002 
| 15 34. 352 . 003 
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TABLE 3.—Coordinates for the projection of maps, scate 3xlss— Continued 


„жи к vi navalia Ordinat veloped parallel and 
A bseissas of developed parallel m onal distances 
= ————— —— — |! سم‎ - — 
Lati- 2 . | | 
tude of Longitude interval | Ordi- 
parallel | - ae — = же „ы — ——.| Latitude and longi- | Merid- | mate 
| t OR | ional of de- 
| | ude intervals | distance! veloped 
| 1 | un | ag gag y "uz | distance oped 
“4 4 * a | |1 irallel 
T- | | | 
b Inches | Inchea | Inches | Inches | Inches | Inch 
2 00 2. 304 2, 880 5. 761 8. 641 11 0. 000 
, 880 . 761 „041 „ 000 
„880 „761 ‚ 641 „ 000 
, 880 . 760 . 041 | ‚000 
. 850 . 760 . 640 For latitude 2°. . 000 
| | | j|  .001 
2, 880 | 5. 760 | 8, 640 | „001 
. 880 . 760 | . 640 | .002 
. 880 . 760 | . 640 „003 
„80 . 760 . 640 
‚880 . 760 . 640 "x 5 м 
. 880 . 760 . 639 0. 000 
( 
gof 5. 330 н. | e 
s 919 | „000 
9 518 | For latitude 3° ‚001 
9 518 . 001 
. 002 
003 
. 004 
| 
| 0.000 
. 000 
. 000 
. 001 
„ 001 
. 001 
. 002 
| „0м 
. 005 
| 
3 
11.500 
. 500 
. 508 
4 
J 
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TABLE 8.—Coordinates for the projection of maps, scale утіх Continued 


" ey T e 
Abscissas cf developed parallel Отда he ng and 
Lati- | 
tude of Longitude interval | | Ordi- 
k Т T4h m б 
parallel’. = ү -|| Latitude and longi- Ee | bd 
1 11 a1 AS у mu tude intervals distance |veloped 
| T VA 271 а Ж. е parallel 
|- = Е = — 
qi Inches | Inches / | Inches | Inch 
4 00 | 2.300 | 11. 501 4| 2.803 0. 000 
0214 . 300 . 500 , 000 
0334 . 800 . 500 . 000 
05 . 300 . 500 . 001 
07 ‚800 ‚499 .001 
| . 001 
10 2, 300 2. 875 5,749 11.498 ‚002 
1114 . 300 7 74 .498 | . 004 
1214 . 300 .14 ‹ .005 
.74 
748 | е 
| 7 0. 000 
. 000 
11. 496 | 314 .000 
.405 .243 5 | 11.451 . 001 
495 | 242 | For latitude 5*(634 | 14.314 . 001 
404 . 241 || 716 | 17.177 ‚002 
.4M | .21 10 | 22.008 . 003 
1236] 28. 620 .005 
8,620 | 11.493 15 | 34.324 007 
610 
| * 610 
| et | 
DH 2,803 | 0.000 
618 5. 720 . 000 
8, 589 . 000 
8. 11.4 11, 45 : 001 
For latitude 6° 4 ‚001 
. 002 
‚003 
| | ‚005 
| . 008 
8.610 | 11.4 d 
615 
615 
615 
614 


f 
бро 
"c 


. 609 
008 


17. 200 
. 208 


17. 109 


6 00 2. 203 
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"TABLE 3.—Coordinates for the projection of maps, scale 441-«5—Continued 


“ * || Ordinates of developed parallel and 
Abscissas of developed parallel | meridional distances 
Lati- | фт aan L Т F. 
tude of Longitude interval | Ordi- 
ara;lel | | A es 
р 3 |- x "EYLGS Linai. — ә " Latitude and longi- | ERR] nate 
| | tude intervals | „OPA of do- 
1 14 оц’ 34 hy y Al o distance [veloped 
s : е | 2 parallel 
— à =— ка | - E" | 
* ih Inches | Inches | Inches Inches Inch 
6 00 2. 203 2. 866 5.733 2.863 | 0.000 
0214 o 66|  .732 | 1000 
0354 . 732 . 000 
05 | ‚001 
714 732 For latitude 6° . 001 
à . 002 
10 11.462 | 17,193 | i008 
14 | 462 .103 | . 005 
1219 i ‚461 . 192 || i ‚008 
15 ‚460 ‚191 
174 - 460 ‚ 189 | = = m 
18%4 ‚459 ‚189 || I| T 0.000 
20 11.459 | 17.188 | SHI |o: 
224 458 | 187 | gi ‘001 
25 | -457| .185 || For latitude 7° { 64 . 002 
204 | y Tia ‚002 
ы |10 . 004 
Д 121 1006 
M (15 | . 000 
3334 ————— -——-|- -— 
85 
5 ‚2 .R86: 14 0, 000 
3714|  .290 . 863 24 р 
40 | 2.200| 2.863 84] 8 500 -001 
AI 290 ‚808 А b 114% ‚ 01 
4914 ` 900 863 For latitude 8° 4 614) 14, 316 „002 
45 | -'200| 1862 736) 17.179 . 003 
471 é 3 200 1 862 10 22, 906 , 005 
48% 1900 ' 862 1214 98, 632 ‚007 
ih Т>; D. 15 | 84.350 .010 
50 2. 862 Р 
6244) ‚862 
55 | ‚861 
‚861 | 
5744 ‚861 | 
1 | | 
7 00 2. 801 
021% ‚861 
03%]. ‚860 
05 . 288 ‚860 
07! 
10 
1X 
1914 
15 
174] | 
1834 
| 
20 | 
2214 
25 
2014 
274 
| 
| 
| 
8 


9 


اله 


7 
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Тавин 3.—Coordinates for the projection of maps, scale 431«s— Continued 


| Abs! 
| 


Lati- 
tude of 
parallel 


s of developed parallel 


Longitude interval 


Inches 


416 
‚418 
‚415 
„414 


‚412 
„412 
+411 
‚410 
‚409 


. 408 


‚406 
+ 405 
, 405 
‚404 


11.417 | 


. 408 | 


71 
f 


i 108 


Ordinates of developed parallel and 
meridional distances 


Latitude апа longi- 


tude intervals 


For latitude 8° 


Гог latitude 9° / 


Tor latitude 10? 4 


Merid- 
ional 
distance 


Inches 


2. 503 


632 


34. 350 


B. 590 


14. 318 
17, 181 


Ordi- 
nata 
of de- 
veloped 
parallel 


Inch 
0. 000 
. 00 
‚001 
. 001 
. 002 
. 003 
, 005 
„007 
Mot 


0, 000 
‚000 
‚001 
. 001 
‚002 
„003 
‚005 
‚008 
‚012 


0. 000 
. 000 
‚00! 
„001 
‚002 
‚003 
‚ 006 
„000 
„013 
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> " o тупо Pri. А И 1 1 у 1 a 
for the projection of maps, scale 33— Continued 


sits 


TABLE 3.—Coordinate 


Ordinates of developed parallel and 


Abseissas of developed parallel aridi T 
meridional distances 


Lati- | — | 
tude of | Longitude interval | Ordi- 
| Merid-| nate 


Parallel} — | 
| ional of de- 


= " P Latitude and longi- 
| | ude intervals - 

" tude intervals distance veloped 

| parallel 


Inches | Inches | Inches | Inches 
10 00 2.271 2. 839 5.6 8. 516 
271 ] 
.270 
. 270 
07% . 270 


Inches || ' | Inches Inch 
| 17.032 || 114 2. 864 0. 000 
2 7 . 000 
. 001 
‚001 
. 002 
. 003 
. 006 
‚009 
„013 


For latitude 10°{ 


0 2. 270 
14| .270 
216 . 269 
5 | ‚269 
Ты) 
8 


0. 000 


| For latitude 11° 


For latitude 12° 


5.662 
. 661 
‚661 
. 660 
‚660 


5. 650 
58 


+ 0 
‚651 
. 650 
5. 649 


„047 
5.046 
. 46 
‚645 
. 644 | 
. 643 
‚643 
5. 648 
‚642 
«641 
‚640 
. 640 


12 00 2, 256 2, 820 5. 639 


11, 292 
„291 


. 921 | 
.920 || 


11. 278 | 16.917 


74. 
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TABLE 3.—Coordinates for the projection of maps, scale 41144— Continued 


Abseissas of developed parallel 


Ordinates of developed parallel and 
meridional distances 


tude of 
parallel 


Longitnde interval 


13 


12 


Inches | Inches 
8.459 | 
‚457 
‚457 
‚456 


.455 | 


. 505 1893 


8, 391 


Inches | 
16. 917 
| . 915 
„913 
‚912 


‚010 


16. 007 


. 906 
. 004 
. 902 


16. 896 


16, 795 
- 702 
. 789 | 
‚787 
. T86 


16, 782 


Merid- | Ord 
Latitude and longi- | ional AS 
tude intervals dis- ا‎ 
tance lope 
| parallel 
' | Inches | Inch 
14) 2,864 0. 000 
214 5, 728 . 000 
334] 8, 592 . 001 
5 11. 456 . 002 
For latitude 12% 614) 14, 320 . 003 
749] 17.183 . 004 
10 22, 011 ‚007 
1214) 98,039 011 
15 34. 367 „015 
0. 000 
. 000 
‚001 
.002 
For latitude 13° .003 
. 004 
. 007 
‚011 
‚017 
2.864 | 0.000 
5, 729 ‚000 
8, 593 ‚001 
11.457 . 002 
For latitude 14° 14, 322 . 003 
17. 186 . 004 
22. 915 . 008 
28, (44 .012 
14. 372 „018 
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` ^ « . ‚ 1 T 
"TABug 3.—Coordinates for the projection of maps, scale zry Continued 
П m A 
rm = Ordinates of developed parallel and 
Abscissas of developed parallel | мета АЛА CHstAn ees 
Lati- | Te 
tude of Longitude interval | Ordi- 
parallel | - 
- - - = || Latitude and longi- Мено EE 
| i DE le 
T ng nier ase | o£» dome tude intervals distance | veloped 
1% Үз = ? HY parallel 
2 Inches ^ | Inches | Inch 
14 11,188 14| 2 0. 000 
„186 | 214 . 000 
‚185 3M . 001 
‚ 184 5 . 002 
‚182 For latitude 14% 614 . 003 
| Ты , 004 
11.180 | 16. 770 10 .008 
ENN . 1214 .012 
| ‚178 | 15 ‚018 
| ‚176 | Y L 
. 880 2.805 | 0,000 
32s 5. . 001 
379 | 8. . 001 
~ | 1 .002 
| For latitude 15° 4, . 003 
«d | ihe . 005 
| y . 008 
.013 
‚019 
| 0. 000 
‚001 
| ‚001 
| ‚002 
For latitude 10% . 008 
, 005 
. 009 
„014 
‚020 
15 
| 
I 
| | 
| 
| ! 
2736| ..223| 
30 2. 222 | | 
3214| | 
aye . 331 
o) . + Oe 
3714 . 221 ‚320 ‚105 
40 2. 221 8,327 11. 103 
4114 . 220 ‚826 | ‚102 
424 . 220 .326 .101 
45 .220 | ‚324 ‚098 | 
744) 219 ‚322 ‚006 | 
48M ‚219 . 548 ‚821 ‚095 
50 2. 219 | 85.547 8. 320 11. 004 
5214 . 218 ‚546 „319 ‚092 
55 ‚218 ‚545 . 917 ‚089 
5614 . 218 544 . 316 . 088 
5744) „917 . 544 .315 ‚087 


5, 542 8.314 | 11,085 | 16.627 


6 


6243°—29 


16 


n , : Pee A 1 : 
TABLE 3.—Coordinates for the projection of maps, scale кту Continued 
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31680 


Ordinates of developed parallel and 


| Abscissas of developed parallel meridional distances 
Lati- = = i ج‎ 
tude of Longitude interval Ordi- 
parallel ——— = Latitude and longi- MEME пана 
EY EEE iona 0 
Y 107 pi! aac? " ты? | tude intervals distance |veloped 
а е4 °з y (22 11| parallel 
| y 1 " | 
* 2m Inches Inches | Inches | Inches | Imches * | Inches Inch 
16 00 2.217 5.542 8. 314 11.085 | 16.627 14| 2.805 0. 000 
0214| ‚216 - 083 | ‚624 214 5. 730 . 001 
54| ‚081 622 314] 8. 595 . 001 
. O80 | ‚620 5 11.459 ‚002 
. 078 „617 For latitude 16°% 634] 14.325 . 008 
| 714, 17.189 ‚005 
11,076 16. 613 10 22. 919 ‚009 
„074 612 || 1214i 28.649 . 014 
„078 | 610 || 15 34. 379 .020 
.071 | 608 || 
.009 | . 603 || 
- 067 . 601 || 1M| 2,865 0, 000 
- 214 5. 730 . 001 
11.068 { J „001 
‚0 „002 
. 002 || For latitude 17° . 004 
„060 | . 005 
. 059 " 009 
214 „652|  .01 
15 34. 382 | „021 


‚202 
. 202 
. 202 
201 
1 
. 200 
. 200 
2. 200 
‚199 
‚109 
. 199 
. 198 


2. 198 
.197 
. 197 


.032 
. 030 


11. 028 
‚026 
. 024 
.023 
‚021 
11.018 
‚017 
‚016 
‚013 
„011 
„010 


11. 008 
. 006 
‚003 
. 002 
. 001 

10. 998 
mud 

. 905 


‚469 


16. 407 
. 403 
.450 
.458 
‚456 


16. 452 


14] 2.865 0.000 


| 214 . 001 
Я . 001 

5 ‚002 

For latitude 18°% 614 ‚004 
715 ‚006 

10 ‚010 

1214 . 015 

| 15 „022 


| 
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TABLE 3.—Coordinates for the projection of maps, scale ++45,—Continued 


Ordinates of developed parallel and 


Abscissas of developed parallel xs Á 
t ا‎ meridional distances 


— =_= اا ———— 


Lati- А | 
tude of Longitude interval | | Ordi- 
arallel || erid- 
pem | л ——€——— { || Latitude and longi- Мо eae 
| | tude intervals а he 
1 ance veloped 
р: 


Inches | Inches | Inches 
2,742| 5.484 | 8. 225 
741 459 


For latitude 19° 


8.104 10, 926 16. 


| For latitude 20° 


‚М . 866 
. 147 . 863 
8, 145 10. 860 
: . 144 
4 . 148 | 
5 714 } 41ء‎ 
4714 713 | | LI 
48% „78 ‚188 
50 2.170] 2.712 8. 137 
5214 ‚169 „712 ‚42 . 135 
55 ‚169 T11 „422 | ‚182 
564 ‚168 710 .421 . 131 
5716 ‚ 168 ‚710 „420 ‚130 | 
20 00 | 2167} 2709) 5.419] 8.128| 


78 
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Lati- 
tude of 
parallel 


Inches 
2. 167 
„167 
‚167 
.166 
.166 

2. 165 


.165 
. 165 


2.151 


Те 
o 


1-1 


Abscissas of developed parallel 


TABLE 3.—Coordinates for the projection of maps, scale zry Continued 


Ordinates of developed parallel and 
meridional distances 


Longitude interval 


Latitude and longi- 


tude intervals 


ug’ 214! з | > né 
Inches | Inches | Inc Inches 
5.419 | 8,128 | 10 | 
‚417 | 
.417 | 
-416 4 | , 
.414 | For latitude 20° 
5,418 | 8.120 | 16.2 
.412 „119 
2| SU 
‚410 . 115 
409 .113 
. 408 | .112 
5. 407 8,111 16, 
. 406 109 | 
-404 | 107 For latitude 21? 
. 404 105 
403 104 
е 16. 204 
| .800 i 


‚086 


3. 085 


16, 041 


Merid- 
ional 
distance 


Inches 


. 903 


2, 866 
5 


8. 500 
. 466 
. 332 
. 198 
22. 931 
28, 664 
. 397 


2, 807 


5. 733 
8. 600 
1. 467 
1.334 
7.201 
22. 934 
28. 668 
34. 401 


Ordi- 
nate 
of de- 
veloped 
parallel 


Inch 

0. 000 
.001 
‚002 
. 003 
‚004 
‚006 
. 011 
„017 
‚024 


0. 000 
. 001 
. 002 
‚003 
. 004 
. 006 
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"Гавін 3.— Coordinates for the projection of maps, scale 444 єк Continued 
M J І JIBSBÜ 


2 925 
NET 
T ке А тыл || Ordinates of developed parallel and 
| Abscissas of developed parallel Tnertdionu] acters 


Lati- ; : 
tude of | Longitude interval Ordi- 
parallel iy х rid- Р 
3 | да 7 ——|| Latitude and longi- | Morid- | nate 
| | | | | tude intervals | ional of de- 
1 né | ag | ag | РА | nu | ы › | distance veloped 
4 | 649 |o 9 i3 | parallel 
= = ا‎ а — | = | | 
Er Inches Inches | Inches | Inch 
22 00 | 2139 8.021 | 10. 0. 000 
y -138 018 | -001 
. 138 O17 ‚002 
.138 ‚016 | || . 003 
.187 342 MUS | || Forlatitude 22° | ‚005 
| | .007 
‚670 | 8.011 | 10.082 | 1012 
| . 010 | . 018 
. 009 . 026 
006 
004 ү 
003 | 0.000 
„001 
10, .002 
,003 
3° 4 .005 
‚007 
„012 
‚019 
10. | .027 
g i- 0.000 
‚970 . 001 
n HC . 002 
10. 643 15. 965 * 003 
: ане || Forlatitude 24° 4 . 005 
. 960 | 007 
| ,012 
019 
028 
| 
7.973 10. 6: 15. 046 || — —— —— —— — ———— س‎ 
. 970 Ў 941 
. 068 036 
907 93 
‚966 931 
23 7.903 | 10.6 | 
| | 
| 
7. 15.1 
| 
7. 15. 


ч 


мч 


10. 538 | 15, 807 | 


80 


Abscissas of developed parallel 


| 
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TABLE 3.—Coordinates for the projection of maps, scale «xs— Continued 


Ordinates of developed parallel and 


| 


| 
| 
| meridional distances 
| 


Longitude interval 


Lati- 
tude of 
parallel 
Y 

кН, Inchea 

24 00 2. 108 
0224 .107 
03541 — .107 
05 .106 
0714] .105 


10 2.105 
1114 .104 
1214 .104 
15 .103 
17% ‚103 
1834 .102 


20 2.102 
2244 ‚101 
25 ‚101 
264) ‚100 
274) ‚100 


30 2.099 
. 009 

3 . 098 

i . 008 
3714 .007 
40 2.007 
41 . 096 
42% ‚09% 
45 .095 
474| —.095 
4834 .004 
50 2. 004 
52% . 003 
55 .092 
5614 . 002 
5734 . 092 
25 00 2,091 
‚000 

. 090 

. 090 

3 ‚089 
10 2.088 
1114 . O88 
1214 .Ü87 
15 „087 
1714 . 086 
1834 ‚086 
20 2. 085 
2214 . 085 
25 , O84 
2614 „083 
2% . 083 
30 2.082 
3214 . 082 
3334 . O81 
35 . 081 
КҮЛ . 080 


40 | 2.079 
414 . 079 
424| .09 
45 .078 
4T4) — .07 
4834 .077 
50 2.077 
5215 „076 
55 ‚075 
564 ‚075 
57% ‚074 


2.074 


1 


In 


dd 
ч 


ches 


2. 034 


. 634 
. 633 
. 633 
. 632 


2. 631 


‚6831 


«622 


2. 021 


‚5620 
. 620 
‚619 
«618 
‚618 


„617 
.616 
.615 
. 615 
‚615 


. 614 
. 613 
612 
.012 
. 611 
. 610 
. 610 
. 609 
. 608 
. 008 
‚607 
‚607 
‚606 
‚605 
‚504 
‚604 


. 603 
602 


Inches 
10. 


"Tc 


n 
x 
3 


‚809 
506 


.51 


10. 497 


10, 383 


10 
. 374 
.972 


10,369 


Inches | 
| 


| 


Ordi- 
| Latitude and longi- Merid- | nata 
tude intervals ional | ofdo- 
در‎ na: distance veloped 
| parallel 
' | Inches 
2.867 
5. 745 
8. 602 
11.470 
For latitude 24° { 614) 14.338 
ТЫ 17.205 
10 
[1214 
15 
14| 2.868 | 0.000 
26] 5.736 . 001 
ы 8. 004 ‚002 
5 11. 471 . 003 
Forlatitude G| 14.240 . 005 
7g] 17.207 „007 
10 22. 943 .013 
1214) 28, 679 ‚020 
15 34. 415 . 029 
14 2. 868 0. 000 
ls 3 001 
34 . 002 
. 003 
Forlatitude 26° | . 005 
2 . 007 
10 4 . 013 
112 58; . 021 
15 94. 419 . 030 
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Tasun 38.—Coordinates for the projection of maps, scale yrẹsy Continued 


Lati- 
tude of 
Darallel 


26 


an 
En 


28 


Abscissas of developed parallel 


Inches 
2.074 
.073 

. 073 
.072 
.072 


p 


071 | 
. 070 
.070 
. 069 
. 069 
. 068 


068 
. 067 
. 066 
. 066 
.066 


‚065 
‚064 
‚064 
. 063 
.063 


‚062 
‚061 
. 001 
‚060 


2. 044 
. 043 
„043 
‚042 
. 041 
.041 


2. 041 
. 040 
.039 
‚039 
. 088 


2. 037 


‚ 500 


553 


552 


nno 
‚551 


. 551 
‚550 
‚549 
‚548 
. 548 


„547 | 


Ordinates of developed parallel and 
meridional distances 


Longitude interval | Ordi- 
; Latitude and longi- pen En 
tude intervals IU o 
org gag? 5 т distance |veloped 
“3 | * | parallel 
= | + | 
Inches | Inches | Inches | Inches ' | Inches | Inch 
5.184 | 7.776 | 10.369 | 15.55 14) 2.808 0. 000 
‚182 | . 905 › 2% . 001 
‚182 ‚36: З] 8 .002 
‚181 .771 1 | 5 | 11.4 . 003 
„179 | . 768 | For latitude 26% 614| 14.342 . 005 
734; 17.210 . 007 
8.177 | 10 | 22,046 .013 
-176 | 1244 28.083 ‚021 
„175 15 | 34.419 . 030 
.178 
‚171 = 7 
‚170 144 0. 000 
2 215 . 001 
5.170 зи .002 
. 168 5 „003 
+ 106 For latitude 27% 6!4| . 005 
.165 714| . 008 
. 164 10 . 014 
1214) ‚02 
5.162 7.748 10. 324 15, "| za 
. 160 .740 | .321 i 
‹159 ‚789 .319 - - — 
158 . 738 317 
157 | 1185 313 0. 000 
. 001 
.002 
i . 003 
For latitude 28° . 005 
. 008 
‚014 
022 
‚031 


‚605 
‚692 
‚689 
‚688 
. O87 
‚ 054 
‚681 
‚679 
‚678 
7.675 
‚672 
‚671 
‚669 | 
‚666 


‚644 
. 643 
7, 040 


.222 
. 218 | 
‚216 | 
‚214 
.210 
+ 206 
.204 
10, 202 
. 198 
. 195 
. 193 
.101 


10, 187 


3.—Coordinates 


> projection of maps, scare 


ope 
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Continued 


Abscissas of developed parallel 


1 
|| Ordinates of developed parallel and 


Longitude 


4. 996 


10, 008 


9, 900 
„907 


9. 993 


Latitude and longi- 
iude intervals 


distance 


meridionnl distances 


Merid- 
jonal 


Ordi- 
nate 
of de- 


veloped 
parallel 


For latitude — 


Inches 
2. 800 


Inch 
0, 000 
. 001 
. 002 
. 003 
‚005 
. 008 
‚014 
. 022 
. O81 


0. 000 
. 001 
. 002 
. 004 
. 006 
. 008 
„014 
. 022 
. 082 


For latitude 30° 


- 4 
For latitude 2994 614 


22, 96 0 
28, 700 
94. 440 


0. 000 
‚001 
. 002 
„ 004 
‚008 
. 008 
‚015 
„02: 
‚033 
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TABLE 3.— Coordinates for the projection of maps, scale 4-14 —Continued 


Ordinates of developed parallel and 


Lati- 
tude of 
Parallel 


80 


Abscissns of developed parallel 


Longitude interval 


meridional distances 


1. 


.965 


‚064 


‚992 
‚991 
. 990 
. 990 
. 989 


Inches 
2.498 
. 97 


aiu 
з 


Merid- 
ional 
distance 


Latitude and Tongi- 
tude intervals 


Ordi- 

nate 
of de- 
veloped 
parallel 


Inches | 
7. 494 


7.340 


Inches 
9. 992 

+ OSS 
‚980 

. 084 
980 


9. 970 


Inches 
о q 


5.7 


Inch 
0. 000 
.001 
. 002 
. 004 
. 006 
. 008 
.015 
.023 
. 033 


For latitude 31° 4 


For latitude 3294 6 


0. 000 
. 001 
. 002 
. 004 
. 006 
. 008 
,015 
. 02: 


. 083 


0, 000 
`.001 
‚002 
. 004 
‚006 


84 


Lati- 
tude of 
parallel 


TABLE 3.—Coordinates for the projection of maps, scale 


TABLES FOR CONSTRUCTION OF POLYCONIC PROJECTIONS 


1. 
ЗТБ 


г — Continued 


Abscissas of developed parallel 


Ordinates of developed parallel and 
meridional distances 


Longitude interval 


ош” 


32 00 


1, 932 
. 932 
.931 


NS 
1.921 
.921 
. 020 
.919 
.918 
1918 


1.017 
.916 
.915 
mor] 
. 915 


1. 914 


Inches 
2.447 
.445 


Inches 
| 7. 340 | 


<i 
м 


2, 433 
.432 


„431 
.431 
.430 


2. 420 


. 308 . 786 .179 
2, 302 


Ordi- 
ET 7 ; | Merid- | nate 
Latitude and longi- ional | of de 


tude intervals 3 
tude intervals distance | veloped 


parallel 


+ | Inches Inch 
14 2.871 0. 000 
214 5,742 . 001 
394) 8,013 .002 
5 11, 488 ‚004 
Forlatitude32?4 614 „006 
Trá . 008 
10 ‚015 
1214] 28, ‚024 
15 34. 450 ,U34 
0, 000 
. 001 
‚002 
„ 004 
For latitude 33° . 006 
. 009 
„015 
‚024 
.025 


14 2. 872 0. 000 


2,9] 5,744 | ‚001 

34 8, 615 | „002 

5 11.487 | „004 

For latitude 34° ( 644 . 006 
725 . 009 

110 . 016 

| 1216 ‚024 

(15 . 035 
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TABLE 3.— Coordinates for the projection of maps, scale 4333s— Continued 


vec = - $us = 
Ordinates of developed parallel and 


scissas evelope alle on 3 
Abscissas of developed parallel | meridional distances 


Lati- || 
tude of 


parallel 


Ordi- 

Merid- | nate 

jonal of de- 
distance | veloped 
1 14 915/ 334" A me | parallel 


Longitude interval | 
Latitude and longi- 
— tude intervals 


^ | Inches Inch 
| 0, 000 
P 


„001 
For latitude 34°; 


be ye Inches | Inches | Inches | Inches | Inches 
ot 00 1.914 2. 302 ‘ 7.176 9. 568 
(214 .913 . 8t : 
03% .912 . 390 
05 | ,012 . 890 
Or4  .9 1388 


„002 
. 004 
. 006 
‚009 
. 016 
. 024 
. 035 


„910 
11 ‚909 
1214) „900 

3 "O0 


| 0.000 
. 001 
.002 

| . 004 

2 . 006 

. 009 

. 016 

‚025 

‚036 


2. 873 0. 000 
5.745 ‚001 
8, б18 . 002 


14. 


95 || 22 
L || For latitude : 1 
| » 

\ 


E 


22. 
6 28. 
15 34. 473 ‚036 


14. 210 


35 14. 181 


14. 036 
. 020 
.021 
.018 
‚014 М 


36 00 1. 808 2. 334 4,669 9. 338 14. 007 
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TABLE 3.—Coordinates for the projection of maps, scale 441 ку Continued 
J proj ps, sre 90 


Lati- 
tude of 
parallel 


9 

36 00 
0214 
0334 
05 
0714 


97 


Inches 
. 868 
.867 
. 866 
. 866 


39а 


Abscissas of developed parallel 


Longitude interval 
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Ordinates of developed parallol and 
meridional distances 


Latitude and longi- 
tude intervals 


4, 669 7. 003 
| . 000 
| 6 8 


| Inches | Inches | 


| 
Inches | A 


14.007 | 114 


.996 


3. 909 | 


For latitude 37 


For latitude 38° 


13. 858 ||- 


Merid- 
jonal 
distance 


Inches 


2, 873 


Ordi- 
nate 
of de- 
veloped 
parallel 


Tach 

0. 000 
‚001 
‚002 
„ O04 
. 006 
‚009 
‚016 
‚025 


‚036 


0.000 
‚001 
‚002 
. 004 
. 006 
‚009 
016 
. 025 
‚036 


0.000 
‚001 
‚002 
‚004 
‚00в 
‚009 
‚016 
. 025 


.087 


‚850 
з 
. 839 


. 835 


| 

| 
13. 828 || 
. 820 || 
Alb 
. 813 


| 
| 
„805 || 


. 056 
‚6592 


3, 044 
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TABLE 3.—Coordinates for the projection of maps, scale тҥз Continued 


i 
ak ast um ae E | Ordinates of developed parallel and 
Abscissas of developed parallel | Mar Onni ARMATI 
Lati- my А 3 А [o ЖЖ | | 
АО, Longitude interval | | | Ordi- 
Jar; id. 2 
е RI -|| Latitude and longi- | E. tige 
1 10” 2l "T st zw || tude intervals distance | veloped 
^4 3 9% x 174 | | parallel 
| - | Ё 
sy Inches | Inches | Inches | Inches | Inches | Inches | ? | Imches Inch 
88 00 1. 819 7 4, 54 32: 9. 090 18. 644 14) 2.874 0, 000 
034 .818 | | 214 . 001 
03%4 . 818 334 . 002 
05 ‚В17 | 5 . 004 
0714 ‚816 | For latitude 88°{ 614 . 006 
| 74 ‚009 
10 4 | 10 . 016 
u 1214 . 025 
1244] U6 . 037 
15 
1744) X 4257. |7 dd 
18% 0. 000 
‚001 
1,811 4. ‚002 
. 810 і ` 004 
ia 7 For latitude 39° . 006 
‚8 . . 009 
‚808 . 200 | . 016 
| . 026 
1.807 4, t 1037 
‚806 ! 
.805 — 
805 
و‎ 0. 000 
‚804 ` DOL 
2 
40 1 24253| 4: 20d 
4 deer For latitude 40° : 006 
2o А 252 at 
45 1251 i ШУ 
TKI 949 4¢ * 
4744 249 ; ; к 
$ ; 98 | 7 05 ‚02 
484 ‚249 .498 746 | ‚995 34: 407 ' 037 
60 | 1.798 | 8.902] 13.489 |. 
5244 | . 987 | 481 | 
55 | 
5004 
554 
39 00 | 18.457 
0214 149 
0354 445 || 
05 441 || 
0714 33 
10 
11 
12% 
15 
17м] 
1834) 
20 
2214 
1, 782 4.454| 6, 081 8, 908 
781 . 903 А 
780 ‚900 
719 . 897 
‚778 ‚892 
1, 777 | 8.887 
.777 | 884] 
716 | 88m] 
115 ‚876 
774 ‚871 
774 . B68 
1, 77: 8, 865 
772 . 860 
771 ‚855 
.77 
Bri | 
1, 709 4, 422 6. 033 8.844 | 13.206 
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TABLE 3.—Coordinates for the projection af maps, scale rgo Continued 


Í 
MENU Peek pee АЙ | Ordinates of developed parallel and 
АЪзсїззаз of developed parallel | meridional distances 


Lati- 
tude of} Longitude interval | Ordi- 
parallel жатт os سے‎ Latitude and longi- | Merid- an M 
| | | tude intervals Tonal otaa- 
1 1 910 оз” РА Thee - distance |veloped 

С 271 24 ; 172 parallel 


Inches 
1: 


ES A 

40 00 
0215 
035% | 


Inches Inch 
75 0. 000 
‚001 
‚002 
. 004 
4 ‚006 
248 . 009 
‚017 
‚0286 
,U37 


0.1 


2 211 4.422 


Inches Inches Inches 
210 | 


.419 


1 
For latitude 40°{ 61$| 1 
1 


= 


0. 000 
‚001 
‚002 
. 004 
. 006 
‚009 
‚017 
. 026 
‚037 


| .185 


RII 


14] 2,876 0. 000 

5 . 001 
. 002 
. 004 
. 007 
d ‚009 
10 23. 006 ‚017 
28. 758 . 026 
15 34. 500 . 038 


=ч | For latitude 42°. 
| 
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TABLE 3.—Coordinates for the projection of maps, scale 441;4— Continued 
‚ pro) 1 7 STEEG 


^ 3A а А Ordinates of developed parallel апа 
s of developed parallel meridional distances 
Lati- 
tude of Longitude interva | Ordi- 
агае LAE : 
ee aa TI T7 Latitude and longi- Чац etae 
LN EMI 1 - 
1 1 214 5%? 5 tude intervals distance | veloped 
Ax 25$ і parallel 
ey Inches | Inches | Inches ^ | Inches | Inch 
42 00 1.716 2.145 5| 8.550 14] 2.876 | 0,000 
0214 . 715 ‚144 $ ‚001 
0334 .714 . 143 . 002 
05 | ‚714 .142 ‚ 004 
0734 718 -14 | For latitude 42°; . 007 
. 009 
10 1.712 1017 
114 711 ! 1214 ‚ 758 . 026 
1214 U1 (15 | 34.509} — .088 
15 . 709 | 
174g]  .708 — 
18M - «708 à 0. 000 
5. . 001 
20 1.707 2.194 RG 1002 
2216 — .700 .132 | a due 
25 «105 | For latitude 43°; 1. . 007 
2614 . 704 7. ` 009 
2754 . 704 7 `017 
‚026 
30 1. 703 .U38 
1M 0. 000 
2% | | 001 
2.123 334 . 002 
^ 199 7 . 004 
à 121 For latitude 44°{ 54 ‚007 
120 614 . 000 
"118 10 ‚017 
18 [12м] 1026 
18 15 038 
2.117 ا‎ m کک‎ 
115 
‚114 
504 ‚601 -113 
571% ‚690 13 
43 00 1, 689 2,111 
0214 ‚688 110 
0304 09 
05 108 
0714 107 
10 2.105 
114 05 
12% 104 d | 
15 103 | ‚410 616 || 
. 101 | .405 .607 | 
3; .100 .402 . 603 | 
20) 1. 680 2.100 6. 299 
2214 .079 . 098 „295 
25 ‚677 . 097 
2614 ‚677 ‚096 
2715 . 676 ‚095 
30 | 1.675] 20 
324 ‚674 . 093 
3334 ‚678 „092 
35 ‚674 „091 
3714 .672 „090 А 
40 1. 671 2.088 
ШИЯ 670 O87 
4214 . 660 .087 
46 ‚668 . 085 
4714) „034 
48M . 083 
50 2.082 
5214 ‚081 
55 . 080 
564 ‚079 | 
57% .078 
^4 00 1. 661 2.077 
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TABLE 3.—Coordinates for the projection of maps, scale «11«5— Continued 


Lati- 
tude of 
parallel | 


44 00 | 


| 
46 o | 


ہس — 


Abscissas of developed parallel 


Ordinates of developed parallel and 
meridional distances 


Longitude interval 


Кр 130 2)4/ 33 5 7M 
Inches | Inches Inches | 
1.661 А | 4158 12 | 
‚660 .075 


2. 006 


| 4.118 6 
| 315 
1134 
.112 
| . 109 
1. 100 
.105 
.104 
.101 
. 098 
| „096 
| 4.095 
.( 
. 089 
. 087 
1 „086 
4. 083 6.124 
| . 080 120 
.078 118 
.077 115 
.074 111 
6. 107 
| 105 
| 102 
008 
093 
091 
| 4.059 6. 089 
. 056 084 
| 080 
| ‚078 
‚075 
4.047 6.071 
.044 ‚066 
‚043 ‚064 
‚041 ‚062 
.038 . 057 
| 4035 6, 053 
| ‚034 ‚051 
032 . 048 
020 044 


8. 022 


12. 249 | 


| For latitude 44° 


Latitude and longi- 
tude intervals 


Merid- 
ional 
distance 


Inches 


Ordi- 

nate 

of de- 
veloped 
parallel 


Inch 
0. 000 
.001 
. 002 
. 004 
‚007 
.009 
.017 
‚026 
‚038 


For latitude 45° 


5 
| For latitude 46° 614 
74 


75% 
10 


23. 
28. 


‚511 | 
4. 389 | 


+ 207 


022 
778 


34. 534 


0. 000 
‚001 
‚002 
. 004 
. 007 
. 009 
‚017 
.026 
.038 


0. 000 
. 001 
. 002 
004 
‚007 
. 000 
017 
‚026 
‚038 


Lati- 
tude of 
Parallel 


46 


48 
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Inches 
1. 605 

. 803 

. 603 

. 002 

. 601 


1, 600 
‚599 


1, 546 


TABLE 3.—Coordinates for the projection 
pro) 


Abscissas of developed parallel 


Inches 
2, 006 
.004 | 
.003 

. 003 

. 001 


„000 


. 999 


"T 


1. 904 
+002 
. 990 
‚090 
‚989 


1, 987 
. 086 
. 985 
. O84 
. 083 
. 981 
. 981 
‚980 
‚078 
‚977 
‚976 
‚075 
‚974 
„972 
‚971 
‚971 
1. 969 
. 968 
. 967 
. 966 
. 905 


094 
‚94 
1. 032 


Inches 
4. 011 


6248°—29 


7 


. 905 
3. 901 
‚898 
‚897 
. 895 


Longitude interval 


Inches 

6,017 

+012 

. 010 
008 | 
„003 | 


5.999 
. 006 


1% E 
Юю NDN d 


Inches 


-907 | 
.904 | 


.901 | 


of maps, scale 444 «sg-—Continued 
) TTS 


meridional distances 


| Latitude and longi- Marg: | 
tude intervals : 
ze | ude interval distance 
| 
| 
Inches * | Inches 
12. 034 1 


.007 || For latitude 46°. 


878 | 


| For Intitude 47° 


For latitude 48° 


34. 546 
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| Ordinates of developed parallel and 


Ordi- 
nata 
of de- 
veloped 
| parallel 


Inch 
0, 000 
. 001 
. 002 
‚004 
‚007 
‚009 
‚017 
. 026 
. 038 


0. 000 
. 001 
. 002 
. 004 
. 007 
. 000 
‚017 
. 020 
. 038 


‚ 000 
001 
. 002 
. 004 
. 007 
. 000 
‚017 
. 026 
. 038 
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TABLE 9.— Coordinates for the projection of maps, scale 311«s— Continued 


ч Ordinates of developed parallel and 
| Abscissas of developed parallel meridional distances 


Lati- Longitude interval 7 


tude of — 
parallel | — - — - ——À RN 4. | Merid- | nate 
Latitude and longi {onal of de- 


tude intervals | distance | veloped 
| parallel 
| 
| 


ч | 
1, 114’ 214! 334 5 724 | 
| 


- | | H 
| Inches | Inches | Inches | Inches 
3.864 | 4.796 7. 729 
‚861 


Inches Inch 
9| 0.000 
| ‚001 
| . 002 
| . 004 
.007 
‚009 
‚017 
„026 
. 038 


э” | Inches 
1. 546 


For latitude 48°; 


0. 000 
‚001 
. 002 
. 004 
‚007 
. 000 
.017 
. 026 
. 037 


For latitude 40°{ 614 


0. 000 
„001 
„002 
„004 
. 006 
. 000 
‚017 
‚026 
.037 


| . 610 
‚606 


7. 603 11. 
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TABLE 3.—Coordinates for the projection of maps, scale 31$335— Continued 


e В Ordinates of developed parallel and‏ ا و 
Abs as of developed parallel | meridional distances‏ 
Lati- j 3‏ 
tnde of Longitude interval Ordi-‏ 
arallel : ; Merid- f‏ 
р "RITE = —— p | 5 Latitude and longi- ала AU‏ 
just] ue ow | s y | mns | tude intervals distance |veloped‏ 
ra 2 (23 | parallel‏ 273 4 | 
DE ————— [^o Ж ==. Ee eee арааьа‏ = — 
| | 
LEN Inches | Inches ’ | Inches | Inch‏ 
00( .0 880 .2 1 138 .11 425 .7 00 50 
001 . 760 ,5 128 . 410‚ )0214 
002 . 630 ,8 123 . 416. 034 
 .118 5 11.519 | — .004‏ |412. 05 
тм ‚406 | ‚109 | Forlatitude 50? 4 614| 14.399 | . 006‏ 
000 . | 9 74 | 
017‚ 10 099 ,11 
020. | 1214 004 , 
087„ | 15 090 . 
080 „ 
as IU r 1 FZ Ж‏ 070. 
0.000 ]9.8801 )14 065 + 
001‚ & 
ll, 001 „002‏ | 20 
22м} .051 || . 004‏ 
For latitude 519 | . 006‏ || 041+ 25 
000 . || 036. |20!4 
016 . 081„ 2714 
026‚ | 
037 022 ,11 30 
К ‚012 :‏ 
| 007‚ 
" 002 . 
re { 0. 000‏ 90 
001 . 993 .10 3715 
002 . 
"i . 004‏ 
For latitude 52° ¢ . 006‏ 4914 
^u . 009‏ 
p ‚016‏ 
Ё. 14 . 025‏ 
037 . 570 .34 15 |4834 
= = > = 50 
5214 
55 
ШИ‏ 
5714 
00 51 
214( 
03%4 
05 
0715 
10 
114 
1215 
15 
)1714 
1854 
20 
,2216 
Pr da‏ 
2034 
)2714 


5744 +339 | 
52 00 5.934 | 7,113 | 10.669 
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TABLE 4.—Coordinates for ihe projection оў maps, scale ribor 


Abscissas of developed parallel 


Lati- 
tude of Longitude interval 
parallel 
| 
Y né | 24 | ax | > 
уу Inches | Inches | Inches | Inches | Inches 
0 3. 043 3. 804 7.609 | 11.413 15,2 
v .804 | . 609 | | 
= 804 . 609 1 | 
.804 . 609 413 | 
‚0& 804 . 009 413 
10 3. 0 3. 804 | 7.609 | 11413| 15,2 
1134 Y 804 | ‚609 .413 ‘ 
1214 i 804 . 609 .413 
15 .( 804 | . 609 .413 
174 =f 804 . 609 413 | 
1834 ‚048 804 ‚609 418 | 
20 8, 804 7.609 | 11.413 | 15.217 
22% 804 . 609 | 3| 
25. 804 609 | 1 | 
264 504 . 008 ] 
2744 804 ‚609 3| 
30 3. 043 3. 804 7. 609 
321 UIS ‚804 . 608 
33% ‚4з SOM ‚608 | 
35 ‚мз 804 ‚608 
3716 . 043 504 . 008 
40 | 3, 804 7. 608 
41H ми | . 008 
4215 504 | . 608 
45 404 . 008 
4714; 804 . 008 
48M 804 . 008 
50 3, 804 7. 608 
5214 ‚804 . GOS 
55 804 | . 608 
564 804 . 008 
5744 ‚804 | ‚608 
| 
1 00 | 
021.0 | 
0334 | 
05 
ШЕЛ | 
10 | 11.411 
11! | 411 
12% | 411 
15. | | .410 
1716 | 410 
1834 410 
20 11,410 
2244 | 410 
25 | 410 
264 | | 410 | 
2714 . 606 400 
30 7.006 | 11.400 | 
3214| ‚ 606 .409 
3334| | ‚0606 | . 409 
35 042 | . 006 400 
3734 042 | | .606 400 
40 2 | 7.006 11, 408 
4114 . 005 408 
4214 ‚605 408 
45 . 605 . 408 
4715 . 005 | .408 
48% . 005 . 407 
50 7.605 | 11.407 
5214 . 605 ‚407 
55 . 605 .407 
5014 . 802 . 004 .407 
571% „042 „802 . 004 .407 
2 00 3.042 3. 802 7. 004 11,406 | 15.208 


bo 


| Ordina 


2, 826 


meridional d 


Latitude and longi- 
tude intervals 


For latitude 0° 


For latitude 1° 


9° 


For latitude 


istar 


es of developed paralleland 


1005 


Ме 


ional 
distance 


Inc 


3. 


22, 672 
„ 229 


‚557 
‚836 
‚114 


„344 


Ordi- 

nate 

of de- 
veloped 
| parallel 


rid- 


Inch 
0. 000 
. 000 
. 000 
.000 
. 000 
. 000 
„ 000 
. 000 
. 000 


hes 


779 


893 


786 


0. 000 
‚000 
‚000 
‚000 
‚000 
. 000 
. 001 
. 001 
‚002 


0.000 
‚000 
. 000 

| . 000 

‚001 

‚001 

. 001 

. 002 

. 003 
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TABLE 4.— Coordinates for the projection of maps, scale 34$5s— Continued 


| Р 3 
Abscissas of developed parallel Ordinates of developed parallel and 
| meridional distances 
Lati- Ee Ss SIAN p | т 
шша! Longitude interval il Ordi - 
parae. چ‎ LE | гї nte 
J | zT mm - oma | Latitudo and Ке br 
| | ide int Jona І dë- 
1 14 214 334 у | ng | хисо mip | dis veloped 
| | | parallel 
-— -— - | | | eS == 
| 
km, Inches | Inches | Inches | Inches Inch 
2 00 8.042 | 3.802 7.604 | 11.400 | 0. 000 
0215 ‚042 | ‚604 406 | ^ 000 
0334 .042 + ‚604 ‚406 | ` 000 
05 | ‚041 .802 . 604 .406 | ` 000 
74| O41 . 802 ‚604 -405 | | For latitude 2°{ 001 
10 | $.04| 3.802| 7.603 | "ul 
ny ‚041 . 802 . 603 | 002 
1214 .041 . 802 . 608 008 
15 ‚041 . 801 ‚603 А 
1744 ‚041 . 801 . 603 ا ا‎ 
43 4 8 K | | 
1834 ‚041 . 801 . 603 | | m 0.0% 
20 3.041 | 3.801 1. 602 22, | 259 . 000 
223] .041| 801 „602 | | 374 i 
25 , 041 . 801 ‚602 ` ; wel US 
26%}  .041|  .sOl| .602 | For latitude 3%) 64 . 001 
27% . 041 . 801 . 602 | | | 17 . 001 
| ja | | " ‚002 
3.041 | 3.501] 7.002 | 15.203 | |227 . 004 
‚041 ‚801 ‚601 | Ж )8 | 15 | . 005 
‚041 ‚801 ‚601 | | M „рне... =" 
040 ‚801 . 601 ý | 803 
. 040 ‚800 . 601 . 202 | 802 0. 000 
| | ‚000 
40 3. 040 3, 800 7.601 | 11.401 | 15.201 | . 000 
41 ‚040 ‚800 . 600 . 401 . 201 | 4 : A . 001 
4914 — .040 . 800 ‚600 .400| 201 For latitude 4° . 001 
45 ‚040 ‚800 . 600 .400 | . 300 . 002 
4715 . 040 ‚800 . 600 ‚400 | . 200 . 003 
4835 . 040 ‚800 . 600 ‚400 ‚199 | . 005 
.007 
50 3, 040 3. 800 7.000 | 11.399 15.199 | EEE: m V 
‚040 ‚800 t . 198 
-039 |  .799 . 198 
: ‚039 | ‚799 ‚ 198 
‚0% ‚799 „197 
3 00 3. 039 3. 790 15. 197 
0216 ‚039 ‚196 
0354 . 039 | .196 
05 ‚039 | . 106 
Л ‚039 . 195 
3.039 | 3.700 | 15, 195 
. 039 ‚799 | .194 
. 039 . 798 ‚104 | 
030 . 708 s ‚ 198 
. 039 . 798 ‚506 .394 | ‚198 
‚038 .798 . 506 .994 .192 
3. 038 3. 708 | 15, 192 | 
. 038 . 798 ‚191 
‚038 . 798 . 191 
‚038 . 798 ‚190 
. 038 . 708 . 190 
| 
3,088 | 3.797 15. 180 
„048 . 707 ‚180 
. 088 ‚707 ‚188 
‚038 797 | ‚ 188 
797 | ‚ 187 
8.037 | 3.797 | 11.390 | 15.187 | 
037 797 | | 180 | 
.037 | 796 186 
‚037 796 | | 185 
‚087 790 | 4 
.047 | 796 | . 184 
3.037 | 3.798 | | 15.184 | 
.037 796 | 183 
. 036 796 | 182 
036 705 | r | 182 
. 036 795 . 886 ‚18! | 
8.080) 8,795 | 11.380 | 15.181 
| | E 
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Ordinates of developed parallel and 
meridional distances 


Lati- Е | 
tude of Ordi- 
рагаПо! - - = = —|) Latitude andlongi- | Merid- | nate 


31 аЛа ional | of de- 
tude intervals distance | veloped 


parallel 


Inches 1 Inches E Inches Inches Inch 
3. 036 5 1 6 5, 18 22, 771 | (| 3.77 0. 000 
Й 5 | -770 | 214 7. 558 . 000 
. 769 М! 11.337 . 000 
. 769 || 15.115 ‚001 
. 708 For latitude 4*4 614| 18.894 . 001 
4| 22.073 . 002 
22. 766 30. 231 ,U03 
. 766 214| 87. 788 . 005 
5 da [ 45. 346 .007 
. 16 


3. 779 0. 000 
7.558 .000 
11. 337 ‚001 
15. 116 ‚001 
For latitude 5°{ 614] 18.594 ‚001 
22. 674 ‚002 
30. 231 ‚004 
37. 789 . 006 
45. 347 ‚009 


гд, 


0.000 
. 000 
„001 
‚001 
. 002 
. 003 
. 005 
. 007 
. 010 


3. 033 
.033 | .98 j 
1 г *18 : | Forlatitude 6? 


ceo 


. 033 
„083 


5. 033 
.033 
. 032 


. 032 
‚032 


3. 032 
‚032 
‚032 
‚032 
‚031 

3, 031 
‚031 
‚031 
. 031 
‚031 
. 031 


3. 030 
‚030 
+030 
. 030 
. 030 


3, 030 
. 029 
. 029 
‚029 
. 029 
3. 020 
.029 
‚029 
. 028 
.028 
,028 
3. 028 
. 028 
. 027 
«027 
‚027 


3.027 
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TABLE 4.—Coordinates for the projection of maps, scale 431$«— Continued 


Lati- 
tude of 
parallel 


| 


Ordinates of developed parallel and 


Abseissas of developed parallel meridional distances 


Longitude interval Ordi- 


v 


| 
— — || Latitude andlongi- | Merid- | nate 


: ional of de- 
ude arvals : 
T S tude intervals distance | veloped 
334 5 x 


parallel 


Inches 
3. 027 
. 027 


.027 | 
.027 | 


. 026 
3. 026 


. 026 
. 026 
. 026 
.025 
.025 


3. 025 
. 025 
‚025 
‚024 
‚024 


3. 024 
‚024 
‚024 
‚024 
‚023 


3. 023 
. 023 
‚023 
‚023 
. 022 
. 022 


3. 022 
‚022 
‚021 
‚021 
‚021 

3. 021 
‚021 
‚021 
‚020 
. 020 

3. 020 
. 020 
‚020 
‚019 
‚019 
‚019 


3.019 
‚019 
‚018 
. 018 
. 018 


3, 018 
.017 
‚017 
‚017 
.017 

3,017 
.016 
.016 
‚016 
‚016 
«015 


3, 015 
.015 
.015 
.015 
014 


3. 014 


| 
Inches | Inches | Inches the. | Inches Inch 

7 51 5, 3: | 4 3. 0, 000 
à 7 


3, 784 7. 567 И; 
. 783 ‚567 m 2 $ . 000 
„783 . 566 ‚8 .18 35; . 337 . 001 
.T88 . 566 . 946 . 1t . 699 | 5. 116 ‚001 
‚783 566 ET 1 .807 || Forlatitude 6% 634| 18.895 |  .002 
ial 22 . 003 
‚783 . 565 .948 | 15.130 , 695 ў . 005 
.782 .129 ‚6 р . 007 
1182 4 .S7 |  .129| 60% 5 | 45.34 . 010 
. 782 | 91 
. 782 ү 
.781 M . ‚68° 3.77 . 000 
s к ا‎ н 8 ‚000 
781 5; ‚344 5,12! SS 4 . 338 ‚001 
781 : ie 650 | 5 5, . 001 
781 . i S For latitude 7°; 614 8. 896 . 002 
-181 . Ae 375 ‚003 
. 780 . 005 
008 
‚012 


780 
‚780 


‚ 000 
. 000 
. 001 
‚001 
For latitude 8% Á J . 002 


15. 099 
+099 
. 008 
. 007 
„095 
‚095 


15, 004 
.093 
091 
‚090 
‚090 


15. 088 


3. 769 
. 769 
. 768 
. 768 . 586 
‚ 768 . 030 

3. 708 7. 535 ‚30: 15. 07 22. 6 


TABLE 4. 


5 of developed parallt 
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Ordinates of developed parallel and 
meridional distances 


| 
| 
| 
| 


For latitude 10° { € 


Latitude and longi- | 
tude intervals 


For latitude 8° 


For latitude 9° 


| Merid- | 


Ordi- 
nate 
ional | of de- 
distance) veloped 
| parallel 


Inch 

0, 000 
‚000 
„001 
‚001 
‚002 
„003 
‚006 
‚010 
‚014 


Inches 
3. 770 


0.000 
‚000 
‚001 
‚002 
‚003 
‚004 
‚007 
‚011 
‚015 


11. 330 
б. 118 


0, 000 
. 000 
‚001 
‚002 
, 003 
‚004 
. 008 
‚012 
017 


че 
B op 


+ 
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TABLE 4.— Coordinates for the projection of maps, scale зуу Continued 
1 4] v 1 ЕД 24000 


Ordinates of developed parallel and 


|| 
scissas о ave а aral || 
Abscissas of developed parallel | Méridional distances 


Lati- 
iuge of Longitude interval | Ordi- 
parallel 7 x Ў Latitude and longi- Merid- TAM 
| | | | tude intervals ional of de- 
4 w | oe "TZ РА | ТРТ, | distance | veloped 
1 Us 214 3 5 172 parallel 
| | | 
| | x E - -— 
ы d Inches | Inches | Inches | Inches | Inches | Inch 
10 00 | 2.908 | 3.747 7. 404 11. | 14.088 0. 000 
0215 . 997 . .493 .986 . 000 
0334 .997 | | =, 498 | „985 . 001 
05 „07 ‚492 ‚984 ‚002 
0716 . 996 | . 491 . 982 . 003 
| | . 004 
10 2.996 7. 490 | 14, 080 . 008 
114 . 906 | . 490 .979 .012 
1214 .996 .489 | .978 .017 
15 .995 488 „976 ‚454 | 
17] .905 „487 .974 . 46 "UTE 
1834 .905 487 .973 ‚460 3. 780 0. 000 
- 4 . 560 . 001 
20 2.995 14. 972 340 : 001 
904 ‚970 ‚ 120 . 002 
. 994 For latitude 11° . 900 . 003 
‚994 + 005 
. 993 ‚00% 
Р . 013 
30 2. 903 ` 019 
3214 . 998 
3334 . 002 € 
35 . 992 T 
3714 — .902 е Шү 
40 | 2.001 e 
414 991 * 004 
4914 — .991 * 005 
45 ‚990 J 009 
4714 ‚0090 *014 
4834 990 * 090 
50 2. 000 -———— 
5214 . 989 
55 . 989 
5634) ‚989 
5744) . 988 
11 00 2, 988 


0214) — .988 
03%] — .987 


05 .987 
0744 „987 
10 2.986 3. 733 7. 406 11, 199 
1 . 986 ‚788 i . 198 
1214 . 986 . 732 «197 
15 . 985 .782 .195 
1714 . 985 ‚781 ‚ 194 
18M . 085 . 781 . 462 . 108 
20 2. 985 3.781 7. 461 11, 192 
2216| .984 46 ‚100 
25 . 84 . 189 
2614 . 983 . 188 
21149 . 983 .187 
30 2. 983 11. 186 
Д .982 ‚ 184 
.982 .183 
. 982 182 
. 982 ‚ 181 
2, 981 11,179 
. 981 .178 
. 981 .177 
. 980 ‚176 
. 980 ‚174 
; .979 „173 
50 2.979 11.172 
6214 „979 ‚171 
55 .978 ‚1690 
564g „978 ‚ 168 
КЛ „978 ‚167 
12 00 2.977 3.722 7.444 | 11.165 
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TABLE 4.—Coordinates for the projection of maps, scale 441s«— Continued 


| dae T Ordinates of developed parallel 
cissas of developec alle 1 
Abscissas of developed parallel and meridional distances 


Lati- | 
tude of | Longitude interval Ordi- 


parallel | _ | ‚_ | Merid- | nate 
Latitude and longi- ional of de- 


|  tudeintervals distance | veloped 


parallel 


Inches 8 | Inches | Inches Inches | Inch 


M 

Inches | Inches | 
77 1 7.444 „165 | 14.887 3 1] 3.780] 0.000 

| 


2 
442 . 16 ‚885 y P . 561 „001 

„442 ‚16: . 884 . 92 M . 941 ‚001 
441 . 16; ‚88: т: .121 . 002 
.440 . 16 . | . 32 8. 902 . 004 
} 2. 682 ‚005 
439 ‚1 . 878 2 30. 243 ‚009 
3 А T. 804 . 014 

. 864 .020 


. 781 0, 000 
. 501 „ 001 
342 ‚001 
„ 122 . 002 
For latitude 13% 64) 18,90 „м 
4| 22, 68: ‚005 

„010 
„015 
‚022 


0, 000 


. 002 
| 21 . 003 
For latitude 14% 64 . 905 . 004 
7 2, 686 
, 247 
. 808 
45. 371 


‚969 
‚068 
. 968 | 


.425 
.424 
. 424 
. 422 
. 421 
„421 


„968 

907 
.907 
‚967 
‚960 


2. 906 | 
. 066 


¢ 
+ 965 


. 905 
. 394 
. 303 
.302 
; 391 

. 056 d . 390 
2. 056 3. 69 7. 390 
. 955 ‚888 
‚955 ‚387 
. 054 . 693 . 886 | 
. 954 ‚69% . 986 


2.954 3. 092 7. 884 А £ 22. 153 
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TABLE 4.—Coordinates for the projection of maps, scale 441«s— Continued 


Lati- 
tude of 
parallel 


Inches 
2.054 
9 


.950 
.950 
‚950 


2.940 
. 949 
‚948 
. 948 
. 948 

2,947 

.047 

. 946 

‚946 
946 


‚045 
‚944 
944 
4 
043 
943 


. 943 
042 
‚942 
‚941 


‚941 | 


‚940 
‚940 
„940 
„9309 
939 
‚988 
. 98 
. 038 
. 037 
.936 
.036 
. 036 
935 

. 035 
. 084 
. 934 
2, 084 
.933 


2. 926 


Abscissas of developed parallel 


114" 


Inches 
3. 692 

. 691 

. 691 

. 691 

. 690 


3. 680 
. 689 


8. 681 
. 681 
‚681 
‚680 


‚679 | 


679 | 


3. 078 
.678 
.677 
‚677 
‚676 


3. 676 
‚675 
‚675 
„674 

678 
3.073 
672 

. 672 
. 671 
. 671 
670 

3. 670 
‚669 
‚668 
. 668 
. 668 
. 667 

66 
666 
665 
665 

. 664 
664 
663 
‚662 
‚662 
‚661 

3. 661 

‚660 


Inches 
7. 384 
„383 
„882 
‚381 
‚380 


„879 
378 
.978 
376 
375 


374 


. 036 


‚035 
‚033 
‚031 
. 030 
„029 


027 | 


.025 
‚024 
.023 
020 
‚018 
.017 
.016 
„014 
.012 
. 011 
. 009 
. 007 
. 005 
. 004 
. 003 
. 001 
099 
997 

. 06 
.994 
„992 
„991 
‚990 
. 987 
‚985 
. 984 
10. 983 
. 981 
.978 
.977 
‚976 
10. 974 


Inches 
14. 769 


4. 632 


Ordinates of developed parallel and 
meridional distances 


‚060 
. 058 


21. 948 


Latitude and longi- 
tude intervals 


For latitude 14°) 


For latitude 16° 


Merid 
jonal 
distance 


Inches 


Ordi- 

nate 
of de- 
veloped 


parallel 


. 006 
‚010 
‚016 
„023 


0.000 
. 001 
~ 002 
„003 
‚005 
„006 
. O11 
.017 
„025 


0.000 
‚001 
‚002 
‚003 
‚005 
‚007 
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TABLE 4.— Coordinates for the projection of maps, scale тууу Continued 


Lati- 
tude of 
parallel | 


Abscissas of developed parallel 


900 
908 | 
‚008 
.107 
.907 


.906 | 


905 
‚905 


905 | 


Inches 
21, 948 
.943 


| 
Ordinates of developed parallel and 
meridional distances 


. Ordi- 
| Latitude and longi- maan odi 
tude intervals distance) veloped 
| | parallel 
or | 
* | Inches | Inch 
134| 3.781 0. 000 
244 А ‚001 
34g] 1, -002 
5 | . 003 
For latitude 16?, 614 3. § . 005 
| 71| 22.890 | 007 
10 30, 253 .012 
1244| 37.816 .018 
u5 45, 379 . 026 
1% 0.000 | 
2% . 001 І 
Big :002 
| 5 . 008 
For latitude 17% 64 . 005 
7M .007 
10 .012 
121$ .019 
15 . 028 
0. 000 | 
. 001 
‚002 
. 008 
For latitude 18° . 005 
. 007 
‚013 
‚020 
‚029 
| 
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TABLE 4.—Coordinates for the projection of maps, scale 44353— Continued 


Lati- 
tude of 
parallel | 


18 


19 


Abscissas of developed parallel 


Ordinates of developed parallel and 
meridional distances 


Longitude interval 


5 14 24 334 &o| 7M 
| 
| 
Inches | Inches | Inches 
2. 805 3. 019 21. 716 | 
. 895 . 618 .711 
‚894 ‚618 . 708 
‚618 . 706 | 
. 617 . 701 | 
3.616 
. 616 
.615 
‚614 
. 013 
‚618 
2. 800 3.012 
‚880 ‚612 
880 ‚611 
, 858 . 610 
. 888 - 610 | 
| 
2. 887 3. 609 14. 436 | 
. 887 . 608 .438 | 
. 886 . 608 -431 | 
. 886 ‚607 129 
‚885 ‚606 | 126 
2. 884 3. 606 7.211 10. 817 14, 422 
.884 . 605 210 815 120 | 
‚854 ‚605 . 200 . 814 419 | 
‚883 ‚604 . 208 ‚811 m 
‚882 . 603 . 206 ‚809 111 
+882 . 602 + 205 ‚807 110 
3. 602 7, 204 10, 8 14. 408 | 
10. 795 | 
793 
791 
790 
. 787 


10. 729 


| 
| Ordi- 


Latitude and longi- | ong a че. 
tude intervals distance | veloped 
| parallel 


, Inches | Inch 
1 ‚782 0.000 
‚001 
‚002 
‚003 


‚ 129 | 
.912 | . 005 

104 . 007 
9| .013 
. 020 
. 029 


For latitude 18% 


10 30. 25 


0. 000 
+001 
. 002 
‚003 
‚005 
‚008 
‚014 
‚021 
. 081 


For latitude 19°{ 


0, 000 
‚001 

| ‚002 
‚004 
‚00% 
‚008 
‚014 
‚022 
.032 


‚ 133 
ET 
599 


For latitude 20°% 
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TABLE 4.—Coordinates for the projection of maps, scale тууу Continued 


Abscissas of developed parallel 


meridional distances 


Ordinates of developed parallel and 


Longitude interval 


Merid- 


Inches 
8 j 


14 


7.106 
. 004 
.104 
.103 
. 101 


7. 000 
‚098 


10. 612 


‚608 
‚602 
‚601 | 


7. 066 
. 064 
‚062 
‚081 
‚060 


3. 529 7, 058 


Inches 


| Latitude and longi- | ional 
tude interval distance 


Ordi- 
nato 
of de- 
veloped 
parallel 


^ | Inches | Inch 

114 3.783 0. 000 

7. 566 . 001 
‚850 ‚002 

| ‚004 
For latitude 20° . 006 
‚008 

‚014 
| 21 „022 
(18 . 032 

14|) 3,784 0. 000 

214) 7.007 . 001 

334| 11.351 . 002 

| 5 15, 134 . 004 
| For latitude 21°; 6!4| 18.918 . 006 
734, 22.702 . 008 

10 | 30.209 . 015 

1224] 37.837 ‚02 

15 45. 403 ‚033 

0.000 

.001 

. 002 

«004 

For latitude 22°. . 006 

. 000 

.015 

. 024 

„035 
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Lati- 
tude of 
parallel 


Г 
t3 


23 


Abscissas of developed parallel 


Longitude interval 


1' 


Inches 
2, 823 


po 
со 


‚808 
‚807 
‚807 


2. 806 


. 806 | 


. 805 
. 804 
‚804 


2. 803 | 


. 802 
. 802 
‚801 
‚800 
2, 800 
‚799 
‚799 
. 798 
‚797 


‚797 | 


2. 796 
+ 795 
. 794 
‚794 
. 793 


2, 793 


. 505 
. 505 


3, 504 
.503 
. 502 
. 502 
‚501 


3. 400 
‚409 
. 498 
‚497 
. 406 
. 496 

3, 405 
‚404 
‚493 
.492 
.402 


3, 401 
. 400 


214! 3M 5 7$ 
Inches Inches | Inches 
7. 058 14. H6 | 321.1 
„0 „112 ку 
T ‚110 
0 . 108 
032 104] .1% 
7.050 | 14,100 | 21.149 
049 | ‚097 . 146 
048 ‚095 . M3 
046 . 091 ‚187 
044 | +087 | . 131 
(43 ‚085 | .128 
7.041 14.083 | 21.194 
030 ‚079 . 18 
037 ‚074 ‚12 
036 Я .072 | . 100 
.035 | . 558 .070 . 105 
7.083 | 10. 550 | 14,0060 | 21.009 
031 . 062 . 093 
030 ‚090 
‚029 55 . 087 
‚027 . 053 . 080 
14. 049 | 21.074 
‚047 „071 
‚045 . 067 
. O41 . 061 
, 036 5 
034 1 
7.016 14.082 | 21.048 
014 .028 ‚042 
„012 024 ‚035 
„011 021 032 
010 019 | 029 
7.008 | 10,511 | 14.015 
005 3 „011 
004 . 009 
. 003 . 006 
‚001 ,002 | 
6. 900 13, 998 | 
‚998 . 996 
. 997 . 994 
. 905 980 
. 902 
. 991 
6. 900 


10, 446 
‚442 


932 
1930 


3. 92: 
( 


8 
. 923 
.919 
. 916 
. 914 


13. 910 


20. 9 


20, 865 


15 | 


Ordinates of developed parallel and 
meridional distanees 


Latitude and longi- 
tude intervals 


For latitude 22? 


For latitude 23° 


For latitude 24°; 


Merid- 
ional 
distance 


Inches 


Ordi- 
nate 
of de- 
veloped 
parallel 


Inch 
0. 000 
. 001 
. 002 
. 004 
. 006 
. 009 
.015 
. 024 
.035 


0.000 
. 001 
. 002 
.004 
. 006 
. 009 
.016 
‚025 
‚036 


0.000 
‚001 
‚002 
. 004 
‚006 
‚009 
‚016 
‚026 
‚037 
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'T ABLE 4.—Coordinates for the projection of maps, scale 441$5— Continued 


Lati- 


tude of | 


parallel | 


Abscis 


Longitude Interval 


s of developed parallel 


Inches 


3, 422 


wert 


7 


3.47 


3.436 
425 
424 
3 


| 


Ordinates of developed parallel and 
meridional distances 


Ordi- 

Latitude and longi- | Merid- | nate 
st 7 tude intervals distance | veloped 
ч parallel 

| = 

Inches | Inches ' | Inches | Inch 
13. 910 20. 865 14 3. 785 0. 000 
.905 216 7. 570 . 001 
. 903 394] 11.355 .002 
.901 5 15. 140 ‚004 
+ 896 For latitude 24% 634) 18, 925 ‚006 
734| 22.710 . 009 
13. 892 X 10 30. 280 ‚016 
. 889 12и) 37, 851 , 026 
887 15 46, 421 .037 


20, 8 


20, 


For latitude 


‚786 
‚512 
. 958 
„144 
, 081 
2, 717 
. 289 
1 
5. 433 
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TABLE 4.—Coordinates for the projection of maps, scale учуз Continued 


Ordinates of developed parallel and 


Abscissas of developed parallel meridional distances 
=n Longitude interval | | 
tude о ongitude interva Я rdi- 
parallel 39 . , | Merid- p 
1 aw 1 Latitude and longi- | ional | oras. 
G | a | و‎ A » a tude intervals dis- | veloped 
1 | IM 279 334 5 T tance | parallel 
a! | ——| 
d , Inches | Inches | Inches | Inches | Inches | Inches ^ | Inches Inch 
20 00 2.737 3, 422 6. 843 10. 265 13. 686 | 20.530 14 3. 786 0.000 
0214 j ‚420 Я ‚261 682 .522 215 . 001 
03341 .420 679 519 334 . 002 
,419 x 677 515 5 ‚004 
.418 ‚256 „672 „508 || For latitude 26°) 034 . 007 
719 ‚010 
3.417 10, 250 10 .017 
. 416 248 1214 027 
.416 | . 247 15 . 039 
414 . 248 
.413 | 239 = 
.412 | 237 14 0. 000 
214 . 001 
8.412 | 6,824 334 ‚0083 
411 | . 821 5 . 004 
. 409 | .819 For latitude 27% 64 . 007 
+400 | 818 74 ‚010 
‚408 „816 10 . .018 
3.407 6. 814 1244 ‚028 
‚406 ‚811 15 040 
‚405 . 810 | 
. 404 . 809 | 
‚403 . 807 iMi 0. 000 
ч 215 | | .001 
3M . 003 
5 . 005 
For latitude 28°{ 614 ‚007 
71$ .010 
10 | 018 
1214) .029 
15 041 
ji 
6 | 71 pda 
5634 .715 
5744 ‚715 
2.714 
‚718 
‚712 
‚712 
‚711 
2.710 
709 
709 
708 
707 
706 
2.106 20. 292 
705 | 
704 
708 | 
703 I (4 | 
2. 102 20. 2 | 
. 701 * 
. 700 | P 
. 700 é | 
‚699 . 
2. 697 20.: 
. 607 @ 
. 606 | 
. 696 
. 604 
. 694 А 
2. 603 20. : 
‚892 
„691 
‚691 
. 090 
2. 080 10.085 | 13.446 | 20.170 
| LJ 


6243^—29—— —8 
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29 


Lati- 
tude of 
parallel 


| 


Abscissas of developed parallel 
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scale гүйз Contint 


meridional distances 


ied 


Ordinntes of developed parallel and 


Longitude interval 


40 
414 
4215 
45 
475 


4834 
50 


5914 
55 

563 
57} 4, 


00 


| 


Inches 
10. 085 


. 663 
6. 660 9. 990 | 
| . üs6 | 
| . 984 


9892 | 


18: 


892 


v 7" | 
Inches 
13. 446 
‚441 
.439 58 
.438 | 154 
| 116 


20. 


20. 


| 20. 


, 900 
, 896 
„591 


526 

822 

13. 212 19. 818 
. 206 | 810 
‚201 501 

. 198 | 797 

. 195 793 


13, 190 


Latitude and longi- 
tude intervals 


‘| Inches 
n4 3 


For latitude 28% 


Ordi- 

nate 
of de- 
veloped 
parallel 


Inch 
0. 000 
. 001 
. 008 
.005 
. 007 
‚010 
‚018 
‚029 
‚041 


For latitude 29°‹ 


0. 000 
. 001 
. 008 
‚005 
. 007 
. 011 
‚019 
‚020 
‚042 


For latitude 30°; 


0. 000 
. 001 
. 003 
. 005 
. 007 
. 011 
‚019 
‚030 
‚043 
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TABLE 4.—Coordinates for the projection of maps, scale ттт Continued 
| 


|| Ordinates of developed parallel and 
| meridional distances 


Abscissas of developed parallel 


Lati- E - THES 
tude of Longitude interval | Ordi- 


arallel se | id- A 
Deut d m oat EST ] Te = -|| Latitude and longi- | Мам aad: 


| | tude intervals ; 
1, 13 214 3347 р mig? tude interval distance | veloped 


parallel 


Inch 
0. 000 
. 001 
. 003 
. 005 
„007 
‚011 
‚0190 
+030 
. 043 


Incheg 
13, 190 
‚ 184 
‚ 182 
‚179 
„178 


эл Inches 
2. 628 


0 || For latitude 30° 


13, 108 19, 752 || 
. 748 | 


0. 000 
. 001 
. 003 
. 005 
‚008 
„011 
.020 
„081 
‚044 


19, 710 
. 710 
. 702 


For latitude 31% 


0. 000 
‚001 
. 003 
‚005 
„ 006 
„011 
„020 
‚031 
. 045 


12, 087 
. 981 


3. 229 6. 459 9. 688 12.917 | 19. 376 


e 
K 
po 
57 
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TABLE 4.— Coordinates for the projection of maps, scale 4413— Continued 


Abscissas of developed parallel 


Longitude interval 


334’ 


Inches 
9. 688 


‚684 
.681 
«679 
.675 


9.671 | 


. 668 
‚666 
‚662 
‚657 


‚655 


Inches 
12.917 
.912 
. 909 
. 906 
.900 


12, 020 


Ordinates of developed parallel and 
meridional distances 


Latitude and longi- 
tude intervnls | 


| For latitude 32° 


For latitude 33° 


| 
For latitude 84°. 
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"TABLE 4.— Coordinates for the projection of maps, scale 4414$— Continued 


Ordinntes of developed parallel and 


meridional 


distances 


Abscissas of developed parallel 
Lati- = = : A 
tude of Longitude interva 
parallel 
—— = - А 2 
| | 
аги” 234’ 334^ 5 
| 
Б | 
° + | Inches | Inches | Inches | Inches 
34 00 2. 520 3. 157 6.315 | 9.472 
0214 ‚ 625 . 156 . 312 ‚467 
0884] 524 .155| .310 ‚465 
05 ‚528% ‚154 . 408 
074 522 | .153| .305 
10, 3.151 
Пу .150 
124) 150 
15 148 
1714 146 
1844 146 
20 3,145 
2214 | . 143 
25 . 142 | 
2014 ‚141 
2114 140 | 
2. 511 8. 139 
„510 137 
500 136 
. 508 136 
507 134 
40 2, 3. 132 
414 132 
4214 ^ 131 
45 $ 129 
4714) 1 128 | 
4834| ~ 27 
50 2. 501 3,196 | 
2 500 
5 ‚498 
498 
197 
| 
35 00 2. 406 
0914 — .495 
0394] — .404 
05 „493 
0714 .402 
10 | 2,491 
пм .400 
1216 490 
15 | „488 
1716 487 
1834 180 
20 2, 486 


36 


3. 088 
. 086 
. 085 


Inches 
18. 944 
035 


| 
| 
| 


) ` 
| For latitude 36° 


Latitude and longi- 
tudo intervals 


Morid- 
ional 
distance 


Inches 


For latitude 35 


Ordi- 

nate 

of de- 
veloped 
parallel 


Inch 
0. 000 
‚001 
. 008 
. 005 
. 008 
‚011 
‚021 
,032 
‚046 


0, 000 
. 001 
. 008 
. 005 
. 008 
.012 
01 
‚038 
‚047 


0.000 
‚001 
. 008 
. 005 
. 008 
.012 
‚021 
. 033 
. O47 
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Tasun 4.— Coordinates for the projection of maps, scale 441ss— Continued 


Abscissas of developed paralle 


Ordinates of developed parallel and 
meridional distances 


Longitude interval 


Lati- 
tude of 
paratlel 
1 
ому Inches 

36 00 2. 465 
0214 . 464 
0334 463 
05 ‚463 
0734) 461 
10 2. 460 
114 459 
1214 450 
15 „457 
1744) .456 
1834 ‚455 
20 
22% 
25 
26% 
2006 
30 2. 449 
3214 ‚448 | 
3334 ‚447 
35 . 447 -059 
3714 , 446 .057 
40 2. 444 3. 055 
414 „44 ‚054 
4215 .448 ‚054 
45 .442 ‚052 
4714 ‚440 ‚050 
4834 ‚440 . 050 
50 2. 439 3, 049 
5244 .438 «047 
55 . 436 . 045 
50H ‚436 . 045 
57$ . 435 . 044 


‚091 
‚089 
. 087 


6. 084 9. 
‚081 
„079 
.077 
. 074 

6.071 9. 
„069 
„967 
. 064 
„061 
.059 . 089 | 


6. 057 9. 
. 054 . 
„051 
‚049 
„047 


6. 044 
„041 
. 039 
. 037 
. 034 


6. 031 
. 029 
.027 
. 024 
.020 
‚019 

6.017 
‚014 
.010 
. 009 
. 007 


6. 004 | 


Latitude and longi- 
tude intervals 


Merid- 
ional 
distance 


Ordi- 
nate 
of de- 


veloped 


parallel 


12, 007 


For latitude - 1 


Inches 
3. 792 


Inch 
0, 000 
„ 001 
‚003 
. 005 
. 008 
.012 
.021 
.033 
. 047 


For latitude ; Йй 


For latitude : 314 
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TABLE 4,—Coordinates for the projection of maps, scale shyy Continued 


кты E dh К Ordinates of developed parallel and 
Abscissas of developed parallel meridional distanees 
Lati- 
tude of Longitude interval Ordi- 
parallel _ Latitude and longi- Merid- | nate 
1 1 tudet e ional of de- 
| e intervals dis P 
кл 7 о A -» istance | veloped 
1 14 2s | 5 | 76 parallel 
| 
° + | Inches | Inches | Inches | Inches | Inches | Inches || "| Inches Inch 
38 00 2. 401 3. 002 9.005 | 12.007 | 18.011 3. 793 0. 000 
0214 .400 . 000 . 000 . 000 . 000 7. 587 - 001 
0354] — .399 | 2.999 | 8.998 | 11.997 | 17.995 11, 380 + 003 
05 .209 |  .998 095 . 993 ‚000 RS, Ve: 18, 173 -005 
0714 . 397 . 9097 . 990 .987 .980 || For latitude 38 s XR 
"T ‚01: 
5. 990 | 11. 980 - 021 
„976 «084 
4 .973 .048 
. 983 . 966 
. 980 . 950 
.978 + 956 0. 000 
| . 001 
5. 976 8. 904 11. 952 . 003 
.973 .059 . 946 . 005 
| . 960 . 954 . 939 . 008 
.968 .951 . 935 .012 
‚966 949 . 932 ` 095 
-034 
5. 8, 944 11. 925 . 049 
„930 .918 
. 986 015 = 
; . 933 .911 
.952 .928 | .904 | К vel 
| t: 
5.949 | 8.923 | 11.897 Ан 
.947 . 921 .804 ` 009 
045 ‚018 891 *012 
942 ‚913 884 „022 
938 . 908 877 . 034 
937 ‚905 873 . 049 
| 
| 


114 TABLES FOR CONSTRUCTION OF POLYCONIC PROJECTIONS 


TABLE 4.—Coordinates for the projection of maps, scale тз Continued 


41 


Abscissas of developed parallel || 


Ordinates of developed parallel and 
meridional distances 


Longitude interval 


Lati- 

tude of 

parallel 

1' 1M 

a. | 

o + | Inches | Inches 

40 00 | 2.335 2. 918 
0214 „388 | ‚917 
0324 .833 | 6 
05 .382 .915 
0714 .930 | „913 
10 2, 911 
14 . 910 
1214 .910 
15 . 908 
1714 . 906 
1834 ‚905 


20 2. 904 
2214 . 902 
25 , 901 
264 . 900 


. 300 
1 . 308 
48%4| — .307 


50 2. 306 
5244 . 305 
55 .303 
56% . 303 
57% . 802 


00 2, 300 
0214 . 290 
0334 . 298 
05 „207 
0714 . 296 
10 2. 295 
11%4 ‚294 
1215)  .203 
15 . 292 
1714 . 290 
1834 . 289 
20 2. 289 


2216) — .287 
286 


Inches 
17. 510 
. 500 


17. 209 || 
. 203 || 
.198 
. 187 
. 176 || 


‚171 


Ordi- 
Latitude and longi- Mate ke 
tude intervals distance! veloped 
parallel 
^| Inches | Inch 
14] 3.795 | 0.000 
216) 7.589 . 001 
334| 11.384 . 003 
5 15. 178 . 005 
| For latitude 40% 644] 18.973 009 
714 8 .012 
10 ‚022 
12) . 034 
15 45. 586 .049 
14| 3.795 0.000 
214| 7, 500 . 001 
384) 11.380 . 003 
5 15, 181 . 005 
For latitude 41°! 614| 18,977 . 000 
ты] 22,772 012 
10 30. 862 .022 
12) 37. 953 ‚034 
15 45, 544 ‚049 
14 0. 000 
215 ` . 001 
334 ‚38 . 003 
5 б. 18 . 006 
For latitude 42°{ 6f} 18.980 ‚009 
тъ 776 012 
10 ‚367 022 
1214 .00 . 034 
15 551 ‚050 
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TABLE 4.—Coordinates for the projection of maps, scale 44]gs— Continued 
J pro; ps, S300 


intanens Postea ral Ordinates of developed parallel and 
Abscissas of developed parallel | панесла distances 
iti Т = NITET E. A Al 
tude of Longitude interval | Ordi- 
nrallel TNI 
я اا‎ — Nm — ——| Latitude and longi- Маңа er 
| Ra etae { 
1/ nz 21 a] 5 ты tude intervals distance | veloped 
Р ат dr ү AS. | parallel 
Shaf Inches | Inches | | Inches | Inches ^| Inches | Inch 
2, 265 2.831 | 11. 326 lig 3.796 | 0.000 
‚ 264 . 830 +31) | 216 7.592 „(01 
. 203 ‚829 .815 | 3M| 11.388 . 003 
262 | 811 $ 5 15. 184 . 006 
. 956 || For latitude 42°; 614] 18.980 . 009 
|! ‚012 
16. £ . 022 
. 034 
‚050 
1 س‎ 
0, 000 
. 001 
16 . 003 
. 006 
| For latitude 43° . 000 
.012 
. 02% 
. 035 
10. 856 | .050 
| 
0. 000 
„001 
n . 003 
16. i . 006 
For latitude 44% . 009 
.012 
‚022 
‚035 
050 
16. سد‎ 
43 16 
16. 675 | 
090 
11. 086 16. 63 
.079 | 
‚071 | 
, 068 
„064 | 
11. 056 
‚040 
| 046 | 
‚041 | 
‚033 | 
0 | 11.026 
| ‚022 
‚018 
. 202 | .010 
T ‚201 . 003 
4834 . 200 | 10.999 | 
50 219| 2 5 | 10.905 | 
524 ‚107 А . 987 
55 ‚196 . 980 
564 ‚105 | ‚97% 
5714 ‚194 .972 
44 00 2.193 2. 10. 904 16. 447 


116 TABLES FOR CONSTRUCTION OF POLYCONIC PROJECTIONS 


TABLE 4.—Coordinates for the projection of maps, scale 44$ss— Continued 


Abscissas of developed parallel 


Ordinates of developed parallel and 
meridional distances 


Longitude interval 


oust ‚ 
214 3M 


Latitude and 
longitude intervals 


Lati- 
tude of 
parallel| — — 
1’ 
o * | Inches 


44 00 2. 193 
0 — .191 
0334; — .101 
05 . 190 
072.188 


10 2. 187 
14 ‚ 186 
124) ‚185 
16 ‚184 


1714 . 182 
1834 „181 


20 2, 181 


2214 . 179 
25 . 177 
2614 Miri 
2744 ‚176 
30 2. 174 
3214 .173 
3354 ‚172 
35 ‚171 


37% . 170 


40 2,168 
4ily ‚ 167 
4214 .107 
45 ‚165 
4716 ‚164 
УҢ ‚168 


5 2.162 
5214 + 160 
55 . 159 


5014 .158 
574 — .107 


2. 156 
‚154 
.153 
. 153 
. 151 

2.149 
. 149 
. 148 
. 146 
. 145 
‚ 144 

2. 143 
.142 
.140 
. 139 
‚139 

2.137 
‚135 
.184 
. 134 
. 132 


2, 131 
. 130 
‚129 
.127 
. 126 
‚ 125 
2,124 
.123 
. 121 
.120 
. 119 


2. 118 


£a 
E 


Inches | Inches 
8. 22 


8. 200 
. 197 
„195 
‚189 
. 183 
.180 


8.177 | 
‚171 

. 106 
.163 
. 160 


«366 | 
. 902 
. 360 


. 803 
« 301 
. 209 


5.295 | 7.942 


i 


Ordi- 
nate 
of de- 
veloped 
parallel 


М m‏ دت ان د 
Su .‏ 
“ъз.‏ 


For latitude 44° 


оез? 
КМ 


[жүнүн 
55 
км 


| For latitude 45° 


Inch 
0. 000 
. 001 
. 003 
, 006 


‚022 


. 035 
. 050 


For latitudo 40° 


0. 000 
. 001 
. 008 
. 006 
. 009 
.012 
. 022 
. 035 


‚050 
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TABLE 4.—Coordinates for the projection of maps, scale sbor Continued 


| 
Abscissas of developed parallel | Ordinates of developed parallel and 
dional distances 
Lati- FR x = - 
tudo of Longitude interval | Ordi- 
aralle 4 F 
Р enim 1— ——| Latitude and longi- Mona- ae 
tude intervals RODS OF OSs 
1 14 014 ҮД 5 ng || distance | veloped 
З z = | parallel 
= | л 5 - а) | | 
| 
° ^ | Inches | Inches Inches | ' | Inches | Inch 
46 00 | 2.118 15 t 14 3.799 0. 000 
116 2% )7 . 001 
а ns ЗУ] 11.396 . 003 
-115 5 . 006 
113 For latitude 46% . 009 
2 
10 | 2.112 2 
114). 11 | 1035 
124| «110 | -050 
15 . 108 
1716] .107 | 
184 . 106 | 0.000 
E 001 
20 2. 105 * 005 
А 104 | s 
. 102 || For latitude 47° . 009 
. 101 012 
. 100 | 022 
| | . 035 
30 2.099 E 
3216 .007 . 050 
809) 2096 i ; 
95 096 ^ 
3716 . 094 | 0.000 
| .001 
0 | 2.092 :008 
: 092 : p . 006 
“091 For latitude 48^ . 009 
1089 Ша 
‚087 . 609 aus 
м ves . 035 
. 087 ‚608 | * 050 
50 2.080| 2.007 | y n.o lies gn 
t ‚084 ‚605 
.083 . 608 
. 082 . 002 
„081 . 601 | 
47 00 2.070 2. 509 5.100 
216 „07% ‚597 .195 
„077 ‚50б ‚192 
190 
. 186 
| 
10 | 2.073 5,182 
пм «073 . 180 
1 . 178 
‚174 
170 
168 
5. 166 
162 
158 
„15% 
.154 | 
2.000 5, 150 10. 300 
„058 ‚ 146 .292 
. 058 .144 . 288 
. 057 - 142 | 
.055 ,138 | | 
2, 053 5.134 | | 
„054 181 7 
.052 . 12 
. 050 . 125 4 
.049 121 . 243 
. 048 ‚119 ‚ 239 
2,047 5 5.117 | 15,352 
‚045 .557 .113 | . 930 
.044 . 555 . 109 | T2987 
.043 . 553 107 .921 | 
.042 . 552 105 „815 | 
48 2,040 | 2.550] 5.101 15.302 | 


118 TABLES FOR CONSTRUCTION OF POLYCONIC PROJECTIONS 


TABLE 4.—Coordinates for the projection of maps, scale эту Continued 


Abscissas of developed parallel | Ordinates of developed parallel and 
meridional distances 


Lati- 1 
tude of Longitude interval | Ordi- 
parallel | = Merid- | nate 


a AS Latitude and longi- 
| i dude ie Vals E lonal | ofde- 
T ig ag 38g! 5 zw | AF distance | veloped 

м 278 a 73 parallel 


LIN Inches | Inch | 
48 2.040 0. 000 
.039 || ‚001 
8 ‚003 
‚005 
For latitude 48°. . 009 
| ‚012 
| 5. 084 P 10. 160 | . 022 
| . 082 .623 . 165 | -084 
«080 . 620 . 160 . 050 
.076 .614 | 
‚072 ‚608 . | me 
. 070 . 605 . 140 14| 3.801 0, 000 
| | | 215 И 
20 2.027 5. 068 10.136 | 15.204 38 n 
2244} — .025 . 064 127 101 Б“ * 005 
Аз 4004 +060 119 -179 | For latitude 40% 614 . 000 
2014 .023 . 058 116 .178 || Tia 012 
2714 „022 . 055 111 . 160 10” ` 022 
o fne nh < E LX 1214 38. 007 ‚04 
30 | ae | 2. 526 5. vl 10. 108 15. 154 15 45. 608 ` 040 
Я | 047 .094 А | 
. 018 . 045 QUO - — 
.017 | . 048 086 
. 016 . 039 78 | 0. 000 
016 | ) 078 ‘001 
40 2.014 | 2.517 5. 035 10.000 | 15.104 o 
‚01 ‚516 . 033 . 005 008 || .. ; T rr 
Fon :012 1 l5 Mn “O61 2 || For latitude 50° - 009 
45 OL) .53| .0 053 | .0 Ens 
4714 . 000 . 511 | . 022 . 045 . 007 | "094 
4844 8 | 510 | . 020 M „061 || E бн 
484 . 008 | ‚510 020 040 081 45.617 "049 
50 2. 007 2. 509 5. 018 10. 036 
214 . 006 .507|  .014 28 | 
«004 | „505 | .010 | . | | 
~ 008 . 504 „008 | ‚015 | 
. 002 . 503 . 006 ‚011 | 
49 00 2.001 2. 501 | © 10. 008 | | 
0214 1. 999 .499 9, 905 
0334 . 998 .408 . 990 
05 . 997 .497 
0744 . 906 ‚494 
10 1, 994 y 
. 003 -í 
. 002 . 490 
‚991 E 
. 980 . 486 
1 „988 . 485 
20 1, 987 2. 484 
2214 . 086 .482 
25 . O84 ‚480 | 
2044 .088 479 | 
274) . 982 478 
30 1.980 | 2,476 | 
.970 | 473 | 
978 472 | 
977 | 471 
975 469 | 
1.974 | 2.407 | 
.978 466 | .932 | 
.972 . 405 . 930 
.970 ,463 . 926 
960 .4601 |  .922| 
. 968 . 40 „920 
1.067 J 4.918 14. 753 | 
. 905 .913 . 740 | 
. 904 . 909 ‚727 | 
. 963 ‚907 ‚721 
„962 .905 ‚714 
4.901 14, 702 
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TABLE 4.—Coordinates for the projection of maps, scale туз Continued 


Л 
А Ordinate eve за paralle 
Abscissas of developed parallel rdin Sa ef DM TRIODM ратна land 
Lati- ] 
tude of Longitude interval | Ordi- 
parallel an = Latitude and longi- | Merid- | nate 
| tude intervals А d йк. 
| , ور‎ "T w | р, T istance | velope 
| 1 14 2% зм 5 | 74 parallel 
AS Inches | Inches Inches | Inches * | Inches Inch 
50 00 1. 960 2,450 9.801 | 14.702 y 3, 801 0. 000 
0215 .959 ‚689 7. 603 
0334 . 083 11. 404 
05 | . 676 15. 205 
0714 .664 || For latitude 50° 19. 007 
22, 808 
10 14. 651 10 30, 411 
114) | ‚645 1214| 38, 014 
1264 | . 038 15 45. 617 
15 ‚625 
1714 usa ” 
184 | ‚606 14| 3.802 0. 000 
2м 7.004 . 001 
20 14, 600 | 34$) 11.406 . 008 
22) .587 5 | 15.208 . 005 
25 | .574 || For latitude 51% 614) 19.010 . 008 
20! 7i 22,812 012 
2704 | 10 ‚022 
| [1214 c 
T ‚850 9.699 | | lis o 
938 ‚423 .845 ‚691 | | | 
937 ‚422 . 543 Й — 
936 .420 ‚841 
‚085| „48 ‚837 | 
40 1.933 | 2416 | | 
415] .933| 415 | 
42И ‚981 ‚414 | „056 
45 | 30 | .048 
4710 
48% 
50 
5219 
55 
ШЙ? 
51 00 
0214 
0334 
05 
07! | 
| | | | 
1,912 | | 7.171 
‚012 UM . 168 
‚911 3 | 165 
‚909 | . 150 
007 .152 
906 ‚ 149 | 
1. 906 7. 146 
904 .139 
902 .183 
901 129 А |) 
‚900 . 126 . 501 ll 
1. 890 7.120 9. 493 | 
807 ‚114 . 484 
896 ‚110 . 480 
. 895 . 369 .107 .476 
, 803 ‚367 ‚100 ‚467 | 
1. 892 7.094 | 9,458 
.801 „090 | .454 
‚800 | „087 | .450 
‚ 888 | | œl ‚441 . 101 | 
. 886 | ‚074 .482 ‚48 | 
„885 | | ‚071 .428|  .142| 
1. 885 | 7.008 | 9.424 | 14,135 | 
. 883 | .061 | .415 ‚ 122 
881 ‚055 ‚40% ‚ 109 
880 ‚051 ‚402 ‚103 | 
‚879 . 349 ‚699 ‚8!  .397 . 096 
52 00 1, 878 2, 347 4, 604 7. 012 9. 389 | 14. 083 
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TABLE 6.—Coordinates of intersections of meridians and parallels and lengths of 
meridians for each degree of latitude, in inches 


[For modified polyconie projection of map ofthe world, scale 1:1,000,000] 


Meridian 3? from central 
meridian 


Meridian 2? from central 
meridian 


Meridian 1? from central 
meridian 


Length of | 1 
Latitude | central x Ү x be x KA ` 
e meridian fr ano (for (for = Ф (for (for = (for (for 
| peer lower | lower pep lower | lower Deng eu or lower | lower 
x lati- lati- lati- lati- lati- lati- 


tude) | tude) tude) | tude) tude) | tude) 


13. 148 | 0. 000 
13.140 | .006 
18.132 | .012 
13,124 | .018 


1 51 
4. 351 


13.116 | .024 
13.092 | .030 
18.009 | .036 
18.045 | .042 


17. 406 ]...-4...]-.----— 4 JE rA : 5 3552 


4.352 | 4. . 005 13.021 | .047 
4. 4. ‚006 12.981 | .053 
4. 4.1 „007 12.912 | .059 
4.353 | 4.301 . 007 12.902 | . 064 


17. БӘ 2 Reed 
| 


(12-16) | 
16-17 
17-18 
18-19 
19-20 

(16-20) 


20-21 


, 900 
. 960 


11,6017 | .143 
11, 502 | .146 
11.388 | ‚149 
11,274 | .152 


10.904 | .159 
10.776 | .162 


17, 460 


10. 648 | `. 104 
10.507 | .165 
10.366 | . 167 
10, 225 | .168 


4. 368 
4. 369 
4, 369 


(3640) ‚47 A a OIE, EEE ES А Ae Sh mae | ine 


6243?—29———9 
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meridians for each degree of latitude, in inches—Continued 


Тавію 6.—Coordinales of intersections of meridians and parallels and lengths of 


| Latitude 
е) 


meridian 


Length of | 
central | x 
| meridian (for 
Length of | lowe 
ricis ower 
meridian | Jati- 
tude) 


Meridian 1° from central 


Meridian 2° from central 
meridian 


Meridian 3° from central 
meridian 


Y 
(for | 
vn Length of 

m xd meridian 
tude) 


x 
(for 
lower 
lati- 
tude) 


40-41 
41-42 
42-43 
43-44 


4445 
45-46 
46-47 
47-АВ 
(44-48) 
48-49 
49-50 
50-51 


51-52 


(48-52 


59-60 


(56-60) 
60 


(40-44) | 


| 0.019 
.019 
.019 


(for 
lower 
lati- 
tude) 


П 


Y 


| x 

© | (for (for 
ер ш lower | lower 
k lati- lati- 
tude) | tude) 

=] 

10. 084 | 0. 170 

9. | .17 

9. . 171 

9. 625 ‚172 

9.471 ‚172 

9.307 | .172 

9.142] .172 

8.977 | .172 
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